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YMBOLS, UNITS, AND EQUIVALENTS 





Equivalent 





| angstrom 10~*° meter 
annum, year 
| billion electron volts GeV 
i 3.7 X 10 dps 
| centimeter(s) 0.394 inch 
| counts per minute 
| disintegrations per minute 
disintegrations per second 
electron volt 1.6X10-“ ergs 
gram(s) 
giga electron volts 1.6X 10~ ergs 
| kilogram(s) 1,000 g = 2.205 Ib. 
square kilometer(s) 
| kilovolt peak 
cubic meter(s) 
Rn owed milliampere(s) 
mCi/mi*___| millicuries per square mile__._| 0.386 nCi/m? (mCi/km*) 
4 | million (mega) electron volts__| 1.6107 ergs 
| milligram(s) 
| square mile(s) 
| milliliter(s) 
| millimeter(s) 
nanocuries per square meter___| 2.59 mCi/mi* 
picocurie(s) 1072 curie = 2.22 dpm 
roentgen 
it of absorbed radiation 
100 ergs/g 











The mention of commercial products is not to be construed as either an 


actual or implied endorsement of such products by the U.S. Environmental 
Protection Agency. 
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Radiation Data and Reports, a 
monthly publication of the Environ- 
mental Protection Agency, pre- 
sents data and reports provided by 
Federal, State, and foreign govern- 
mental agencies, and other cooper- 
ating organizations. Pertinent original 
data and interpretive manuscripts are 
invited from investigators. 

In August 1959, the President di- 
rected the Secretary of Health, Edu- 
cation, and Welfare to intensify De- 
partmental activities in the field of 
radiological health. The Department 
was assigned responsibility within the 
Executive Branch for the collation, 
analysis, and interpretation of data 
on environmental radiation levels. 
This responsibility was delegated to 
the Bureau of Radiological Health, 
Public Health Service. Pursuant to 
the Reorganization Plan No. 3 of 1970, 
effective December 2, 1970, this re- 
sponsibility was transferred to the 
Radiation Office of the Environmental 
Protection Agency which was estab- 
lished by this reorganization. 

The Federal agencies listed below 
appoint their representatives to a 
Board of Editorial Advisors. Mem- 
bers of the Board advise on general 
publications policy; secure appro- 
priate data and manuscripts from 
their agencies; and review those con- 
tents which relate to the special func- 
tions of their agencies. 

Department of Defense 

Department of Agriculture 

Department of Commerce 

Department of Health, Education, 

and Welfare 

Environmental Protection Agency 

Atomic Energy Commission 
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Reports 


Concentration Factors in the Aquatic Invironment * 


Steven M. Jinks and Merril Eisenbud ? 


Concentration factors for various freshwater and marine organisms 
as gathered from the literature are presented. Attention is calied to the 
existence of considerable variability in the reported values, and the 
reasons for this variability are briefly discussed. In addition to the dif- 
ference in concentration factors for the marine and freshwater environ- 
ments and because of differences in concentrations of stable elements in 
the two systems, other sources of variability include errors in sampling 
and analysis, physiological factors, and ecological disequilibria. 


Critical pathway analysis of radioisotopes— 
recommended by the International Commission 
on Radiological Protection (ICRP) (1) — is 
finding increasing favor in the evaluation of 
environmental risks from power reactor oper- 
ation. When one undertakes such an analysis, 
the concentration factors for aquatic organisms 
frequently have an important influence on esti- 
mates of the dose to be received by people living 
nearby. 

The concentration factor for a given orga- 
nism is defined as: 


C, 
CF— (at equilibrium) 


w 


where: 
CF—concentration factor 


C.=concentration of a given radionuclide 
or stable element in the organism, and 
C,=concentration of the radionuclide or 
stable element in the ambient water. 


The requirement that C,, and C, be in equi- 
librium with respect to each other is an essen- 
tial but frequently overlooked part of the defini- 
tion. 


1 This investigation was supported in part by a Cen- 
ter grant from the National Institute of Environmental 
Health Sciences, Grant No. ES00260. 

27S. M. Jinks and M. Ejisenbud are on the staff of the 
Institute of Environmental Medicine, New York Uni- 
versity Medical Center, 550 First Avenue, New York, 
N.Y. 
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A review of the literature in which concen- 
tration factors are reported for the principal 
nuclides in fresh water and marine organisms 
indicates wide variability as shown in tables 1 
and 2. The purpose of this paper is to make 
available these summarized data, to call atten- 
tion to the existence of considerable variability 
in the reported values, and to discuss briefly the 
reasons for this variability. 


There is, of course, general recognition that, 
because of the higher concentration of stable 
mineral elements in the marine environment, 
most concentration factors in fresh water are 
much higher than those in the marine environ- 
ment (34). Thus, any presentation of the vari- 
ability in the reported values should distinguish 
between these two types of aquatic systems. 

The basic sources of variability in reported 
concentration factors consist of errors in sam- 
pling and analysis, physiological factors, and 
ecological disequilibria. 

Analytical errors involve both the techniques 
of measurement and the method of expression 
of the concentration factor. Quantitation of ra- 
dionuclide levels in environmental samples may 
yield widely variable results when analyses are 
conducted in different laboratories. For exam- 
ple, the International Atomic Energy Agency 
(IAEA), International Laboratory of Marine 
Radioactivity, has recently conducted an inter- 
calibration study (35) which compared meas- 
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Table 1. 


Concentration factors for various classes of freshwater organisms 





Nuclides 


Concentration 
factor range 





Mean 
concentration 
factor® 


Number of 
values 
included 


References 





Strontium 


Manganese 


Crustacea 


Fish 


80-4 ,000 
120-22 ,000 
80-410 
0.85-90 
1 ,300-600 ,000 
1, 100-1 ,600 ,000 
1, 700-250 ,000 
0.1-400 
300-30 ,000 
300-85 ,000 
60-3 ,450 
140-15 ,000 
30-140 ,000 


907 
3,680 
200 

14 
150,000 
~300 000 
125,000 


—_— 


= 


— 
WII ORO Woo 


— 


(2-6) 

(3,4,7-11) 
(12-13) 

(12-17) 

(2, 10, 18-20) 
(2, 20-22) 

(2, 11, 19, 21) 
(2,10, 11, 20, 21) 
(2, 20, 23) 


(10, 19, 20, 28) 
(20, 23) 


| Crustacea 
Fish 





Potassium 
Calcium 








2-160 
340-18 ,000 
64-720 


(11, 19, 23) 

(2, 10, 11, 20, 23) 
(10, 19, 20, 23) 
(20, 23) 


i 


~ 
SOTO N ANS DWDSOWROOWO 


(23, 25) 
(11, 26, 27) 
(21) 


_ 











(11, 21) 





® The means are intended to provide a better indication of the distribution of these concentration factor values. They should not be considered as 
representing the “appropriate concentration factors” for application in environmental dosimetry for freshwater or marine environments. 


urements by 44 different laboratories of certain 
radionuclides in sea water. The results show a 
wide range in the reported values. The ratios 
of minimum to maximum in the reported values 
for each nuclide varied from 3.5 for strontium- 
90 to 570 for zirconium-niobium-95. A previous 
intercalibration study conducted on an inter- 
national scale has revealed a similar high de- 
gree of variability in stable element analysis by 
neutron activation and atomic absorption spec- 
troscopy (36). The major sources of error in 
these types of analyses have not been identified, 
and it is quite likely that errors in analysis of 
biological materials would not parallel those 
found for water analysis at each laboratory. 
Thus, the calculated concentration factor may 
be significantly affected by error associated 
with the analytical measurements. 

Of course, radionuclide concentrations in the 
various tissues of an organism may often be 
considerably different (e.g., strontium-90 in 
skeletal and soft tissues). This phenomenon 
could result in apparent large differences in re- 
ported concentration factors if no indication is 
given of which specific tissues were examined. 
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Calculation of the concentration factor on the 
basis of wet weight of the organism may also 
introduce substantial variability as has been 
pointed out by Fukai (37). 

Another source of error originates from the 
practice of analyzing the stable elemental con- 
tent of biota and then calculating the CF by 
using literature values for the elemental con- 
centration of fresh water or sea water. This 
procedure allows one to make use of extensive 
tabulations of the elemental content of aquatic 
organisms and water appearing in the litera- 
ture [e.g., Vinogradov, (2)]. However, since 
the concentration in each organism often is not 
being compared with the concentration in the 
body of water from which it came, these con- 
centration factor values may be in error. Con- 
centration factors calculated in this manner 
can be expected to have larger errors for the 
freshwater environment, where fluctuations in 
water concentrations of the elements are gener- 
ally greater than in marine systems (38). 

Several physiological factors can affect the 
concentration factor. These include species dif- 
ferences, age, and size, as well as reactions to 
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Table 2. Concentration factors for various classes of marine organisms 


Nuclides 





Concentration 
factor range 


| 
Mean 
concentration 
factor® 


Number of | 
values | 
included 


References 





Molluscs - - - 
Crustacea 








,100- $30. 000 


,000- 20, 000 
170-150 ,000 
600-7 ,500 


, 700-15 


280-15 ,500 
300-6 ,000 
,000-13 ,000 
,000— 4,000 
600-3 ,000 
30-6 , 800 
20-20 ,000 


Molluses - _ - 
Crustacea -— 
ish 


Cerium 
Potassium 
Calcium 


Plutonium 





Rubidium 





Molluses - - 
Crustacea - 
. =e 


| | 


1-100 
0.05-247 


INR CK 


(11, 28) 
(11, 28, 29) 





(11, 23, 30) 
(21, 23° 30) 
(21, 23, 29, $0) 
(11, 28) 
(11, 28) 
(11, 21, 22, 30) 
(23, 30) 
(23, 30, $1) 
(23, 30, $1) 
(11, 28, 30) 
(11, 23, $0, $2) 
| (11, 23, 0) 
| (11, 28, 30) 
(11, 23, 29, 30) 
(23, 30) 
(23, 30) 
(30) 
| (21, 28, 29, 30) 
(23, 30) 
(23, 29, 30) 
| (23, 30) 
(11, 28, 29) 
| (23) 
| (1, 23) 
(11, 238, 29) 
(11, 21, 29) 
23, 29) 


— 
AN MH LOWAUIHWHOUOD 


,000 


~ 


ee ron wo] 
lo 


Ar OWO ROD 





(11, 23, 29) 
(23) 

(11, 23) 

| (11, 23) 
(11, 23, 28) 
(23) 
(11, 
(11, 





- 


23) 
23) 


1 
1 
2 
3 
3 
3 
6 
8 
3 
4 
5 
2 
4 
4 
5 





® The means are intended to pret a better indication of the distribution of these concentration factor values. They should not be considered as 
representing the “appropriate concentration factors” for application in environmental dosimetry for freshwater or marine environments. 


changes in the temperature and chemical char- 
acteristics of the environment. In some cases, 
the tissue concentrations may be under homeo- 
static control, and therefore independent of the 
ambient concentration. This is known to be 
true for potassium and calcium, and may result 
in lower observed concentration factors for 
their chemical congeners, cesium and strontium, 
in systems high in the former elements (7, 39, 
40). Homeostatic control may apply to other 
elements as well. For example, the tissue con- 
centrations of manganese in Hudson River fish 
have been found to remain quite constant in 
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spite of large variations in the manganese con- 
tent of water (41). In addition, the specific 
chemical and physical state of the nuclide may 
be important. 

The concentration factor with respect to 
water may be influenced by the pathway 
through which the nuclide reaches the orga- 
nism. Concentration factors may be affected 
by differences in the quantity or types of food 
eaten, and the radionuclide burdens of the var- 
ious food organisms may, in turn, be influenced 
by diurnal or seasonal factors. Recently, there 
has also been increased awareness that bottom 
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sediments may act as a source of radionuclides 
to aquatic organisms (8, 9, 26, 42). Transfer 
from sediments to biota apparently may occur 
either directly by ingestion of sedimentary ma- 
terial, or indirectly through food chains de- 
pendent on sediments. In addition, under cer- 
tain circumstances (e.g., salt water intrusion 
into estuaries) some nuclides deposited in sedi- 
ments may be made available to biota through 
desorption into the water phase (41). 

Snort-term variations in the concentrations 
of stable elements or radionuclides in the en- 
vironmental media may result in nonequilibri- 
um conditions between organism and environ- 
ment at the time of measurement. Thus, the 
concentration of a nuclide in water can be di- 
luted rapidly by heavy rainfall, or conversely 
the concentration can increase suddenly. These 
increases or decreases in concentration will not 
be followed immediately by corresponding 
changes in the biota. Finally, as has been indi- 
cated many times, determination of concentra- 
tion factors using tracers in the laboratory is 
also subject to possible errors due to the arti- 
ficial conditions inherent in many laboratory 
studies of this kind. 


It appears impossible to achieve simplistic 
concentration factors valid for a general en- 
vironment because a definable general environ- 
ment does not exist for long in nature. There- 
fore, the term “concentration factor” is incom- 
plete when used without specific reference to 
an extensive description of the conditions under 
which it was determined. To extract it from 
this description is unprofitable, and to attempt 
to use it for different conditions is not valid. 
Until we have sufficient experience in detailed 
definition of concentration factors for radio- 
nuclides in environments of nuclear facilities, 
there appears to be no alternative to measuring 
the desired quantities for each facility. 
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Technical Notes 


Americium Contamination Incident in a New York State 


Health Department Laboratory 


Robert P. Whalen and Sherwood Davies * 


The Department’s Division of Laboratories 
2nd Research at New Scotland Avenue, Albany, 
N.Y., under the direction of Dr. Donald V. 
Dean, maintains radiological sciences labora- 
tories in support for the Department’s radiolog- 
ical health program, which is administered by 
the Bureau of Radiological Health. Since June 
1967, the Division’s laboratory at 55 Russell 
Road in Albany has provided radiochemical 
analysis and low-level counting of samples of 
air, water, milk, and food. From 1963 to 1967, 
that laboratory functioned in rented space at 
22 Colvin Avenue, Albany, N.Y. 

In February 1970, extensive alpha contami- 
nation was discovered in the Russell Road lab- 
oratory. The investigation of the source of con- 
tamination in the Russell Road Laboratory 
brought the investigators, inevitably, back to 
the former Colvin Avenue premises. 

The source of this contamination was so un- 
likely and unsuspected that only coincidence 
revealed its existence. Aside from routine uran- 
ium analysis, no work with alpha emitters had 
ever been performed at Russell Road. From 
1962 to 1965, work with plutonium-239 had 
been carried out at the New Scotland Avenue 
laboratory and a electro-deposited disc had 
been counted at the Colvin Avenue laboratory. 
Routine and regular monitoring of the divi- 
sion’s laboratory had not revealed the contam- 
ination—primarily because the emitter was an 
isotope not used in regular procedures and re- 
search at the laboratory. 

On February 5, 1970, a small radium cali- 
bration standard sealed in a Tri-Carb liquid 


1Dr. Whalen is Deputy Commissioner, New York 
State Department of Health, Albany, New York; Mr. 
Davies is Director, Bureau of Radiological Health, New 
York State Department of Health. 
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scintillation unit at the Russell Road laboratory 
was suspected of having ruptured. An alpha 
survey disclosed no contamination associated 
with this source, but did reveal extensive alpha 
contamination on chairs, desks, benches, file 
cabinents, and other appurtenances. This con- 
tamination was so gross that the investigators, 
headed by Dr, Joseph Sharp, Director of the 
Russell Road laboratory, decided that the con- 
tamination could not have emanated from the 
calibration source. 

That weekend, Doctor Sharp and his team 
identified, isolated, packaged, and stored in a 
locked room at the laboratory, all contaminated 
materials which they found. 

The pattern of the contamination found in 
certain books, particular areas of the labora- 
tory, and in a sports jacket implicated one par- 
ticular laboratory researcher (Mr. N), even 
though his assigned work in the laboratory only 
involved instrument repair, development, main- 
tenance, and calibration. This researcher had 
been a full time employee of the laboratory since 
1965 and had been a consultant since 1963. 

Doctor Sharp visited Mr. N at his home on 
Sunday, February 8th. and discussed the prob- 
lem with him. Subsequent examination of Mr. 
N’s home with his consent, revealed contami- 
nation similar to that found in the laboratory. 
In the course of the investigation, Mr. N re- 
moved a small cardboard box containing a 
metallic object from a bureau drawer and 
turned the packet over to Doctor Sharp as well 
as the contents of the bureau drawer. 

Both the box and the metallic object were 
found to emit alpha activity which subsequent 
isotopic analysis established as being primarily 
americium-241 with a small fraction of plu- 
tonium-239 as a casual impurity. 





Americium-241 is an artificially prepared, 
silvery, radioactive metal with a physical half- 
life of 458 years (1) and a biological half-life 
of about 195 years in bone (2). Maximum per- 
missible body burden for americium-241 in bone 
for a radiation worker is 50 nanocuries com- 
pared to 100 nanocuries for radium-226 and 
40 nanocuries for plutonium-239 (2). Ameri- 
cium-241 has a 60 keV gamma energy with an 
external gamma dose rate of 0.039 mR/h at 
one meter per millicurie (3). Americium-241 
is a daughter of plutonium-241 and the parent 
of neptunium-237. The nonoccupational maxi- 
mum permissible concentration (MPC) in air 
is 210-* »Ci/em® and in water, 910° »Ci/ 
cm’. Inhalation represents the most likely 
source of exposure. The fraction of americium 
reaching the bone from ingestion is 2.5x10° 
and from inhalation 6.310- (2). 

The metal slide in the box was contaminated 
with americium-241 from a primary source 
which Mr. N reported had been returned to 
the vendor. This source was located by the ven- 
dor and forwarded to the Atomic Energy Com- 
mission for analysis. 

With the assistance of the U.S. Atomic En- 
ergy Commission, selected materials were sent 
to Idaho Operations Office for analysis: 

1. metal slide from pillbox from Mr. N’s 

residence. 

2. Handbook of Chemistry and Physics from 

the Radiological Science Laboratory, and 

3. the original source. 

The metal slide was contaminated on both 
sides with the maximum activity on one side 
calculated to be about 49 »Ci of americium-241. 
The handbook was contaminated with ameri- 
cium-241 estimated to be not more than 0.2 to 
0.3 pCi. 

The original source, consisting of a metal 
disc 14, inch thick by 114 inch in diameter, 
was calculated to have a source strength of 10 
millicuries at the time of analysis. A circular 
shaded area was observed in the center of the 
disc similar to that produced by an electrodepo- 
sition cell. It is not known whether the source 
was prepared by electrodeposition, direct evap- 
oration or by other means. 

Plutonium-239 is a casual impurity remain- 
ing from the original preparation of ameri- 
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cium-241, and neptunium-237 is the daughter 
product of radioactive decay of the americium- 
241, whose concentration relates directly to the 
age and concentration of americium-241. The 
ratios of americium-241 to plutonium-239 and 
plutonium-239 to neptunium-237 indicate that 
the contamination originated from a single 
source. 

It might be noted here that a laboratory in 
New Jersey had been licensed by the Atomic 
Energy Commission in 1963 to possess an amer- 
icium-241 plated foil source not to exceed 50 
millicuries, with a total possession limit of 100 
millicuries. Mr. N was an employee of the labo- 
ratory at that time and the license provided that 
the source be used by or under his supervision. 
This license expired in 1967. 

Fixed and removable alpha activity of up to 
100,000 cpm was found by scintillation and 
gas-flow alpha field survey equipment at the 
N home (table 1). The results of air samples 
taken with a Hi Vol sampler showed three times 
the MPC for a nonoccupational worker in the 
workshop and five times the MPC in the mas- 
ter bedroom (table 2). Mr. N agreed that he 
and members of his family would undergo 
whole body counting examinations. In addition 


Table 1. Summary of selected survey results using 
scintillation and gas-flow alpha survey equipment in 
N residence, February 10, 1970 





———— 

| Direct reading 

in counts per 
minute* 


Results of swipe 
analysis in counts 
per minute> 


Survey 





Master bedroom: 


ON) OO eee 
Dresser drawer handle - -__| 


Shoes (soles) 


Dresser top-_-_--- 


Man’s coat 


400 
3,000 
12,000 


300-5,000 | 
2,000 


1,200 


70,000 | 100,000) two separate 


10,000{ swipes 


Background | 
Background | 
Background 


1,400 


Den: 
Bookcase shelf - 600 


Family room: 


ark brown briefcase 100 ,000 





Workshop: 





| 
10,000 | 
| 2,000 | 





® PAC-iSAG—alpha scintillation equipment. 
b PAC-3G—gas flow alpha survey meter. 
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Table 2. Air sampling results 





| 
Americium-241 
| concentration 
in air 
(fCi/m!) 


Surveyed area 





Soluble—maximum permissible concentration in air: 
intake canegagusle~edasbeebnn de a 
Occupational - - - 

N residence: 

Prior to decontamination: 


During decontamination: 
SEE SS ee ea Ry ‘ 
Ten-year old son’s room 

Following decontamination: 
aidan ddndahooeneeeh pe ‘ 
Upstairs hall 
Upstairs hall with air conditioning equipment on 
Family room with air conditioning equipment on - - - 





Health Department Laboratory: 
55 Russell Road Chemistry Laboratory during decon- | 
tamination 
22 Colvin Avenue during decontamination 





to the N family, a number of others who were 
friends or close working associates, who might 
therefore have a possible body burden, were 
requested to participate in bioassay studies and 
whole body counting examinations. The De- 
partment summoned its radiological specialists 
from regional offices at Buffalo and White 
Plains to assist in the Albany investigation. 
The New York University Medical Center staff 
assisted with the whole body counting. 

The preliminary report on the results of the 
whole body counting examinations indicated 
the following body burdens: 


Mr. N, age 57 

Son, age 10 

Wife, age unknown 
Son, age 20 
Daughter, age 18 


87 nanocuries 
93 nanocuries 
13 nanocuries 
11 nanocuries 
6.5 nanocuries 


Recounts at New York University reported 
a body burden of 89 nanocuries for Mr. N and 
40 nanocuries for the 10-year-old son, with a 
significant fraction of the americium-241 con- 
tained in the skeleton. Argonne National Labo- 
ratory reported body burdens of 65 nCi for 
Mr. N and 42 nCi for the 10-year-old son. The 
whole body counting results for all other per- 
sons involved were negative. 

Twenty-four hour urine samples were col- 
lected from the N family and laboratory work- 
ers. One laboratory reported all urine results 
as negative, another laboratory showed ele- 
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vated levels for Mr. N and his 10-year-old son 
of 4.92 and 2.93 dpm/sample respectively, and 
four laboratory personnel showed moderately 
elevated levels of approximately 1 dpm/sample. 

The human exposure of Mr. N and his son 
was evidently chronic, occurring since 1963, 
1964 or 1965. Findings to date indicated exten- 
sive contamination in Mr. N’s private residence, 
the Russell Road low level counting laboratory, 
and measurable body burdens of americium- 
241 in Mr. N’s family. 

A parallel investigation conducted by the Bu- 
reau of Radiological Health revealed alpha con- 
tamination at the former department labora- 
tory site on Colvin Avenue. The contamination 
was fixed to such an extent that decontamina- 
tion efforts are still being conducted at that 
location (tables 3 and 4). 


Table 3. Selected survey results using scintillation 
and gas-flow alpha survey equipment at 22 Colvin Avenue 
on February 11, 1970 


Direct 
reading 
in counts 


Direct Results 
reading of swipe 
in counts | analysis in 

per per counts per 
minute* minute» minute» 


Location 
| 


Floor tile _ _- via 700 750 
Floor tile _ - - ; s 400 500 
Floor tile _ _- ” 200 250 
Floor tile under drinking fountain 700 
Light switch. _ ___ ; 200 

Electric box__- ,000 ,000 3,000 
Outside door - _--- A 400 700 100 


Negative 


® PAC—1 SAG 
b PAC—3 G 


Table 4. Selected survey results using FIDLER 
instrument at 22 Colvin Avenue on February 23, 1970 


Gross reading* 
Location 


10, 

30, 

40,000 
2,500 


® Readings at 1 inch from floor using HV-1 scale. Background-250 
epm, FIDLER field calibration with *' Am source, HV-1 scale reading at 
contact 8.6 cpm approximately equivalent to 100 dpm/100 em?. 


Health Department officials conferred with 
representatives of the Atomic Energy Commis- 
sion and the U.S. Public Health Service to 
review the findings in the investigation and to 
arrange for additional assistance. The Depart- 
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ment, on February 17th, requested the Atomic 
Energy Commission to provide assistance by a 
radiation contamination (RADCON) team. A 
four-man team from Ballistic Research Labora- 
tories, Aberdeen Proving Ground, Md., arrived 
in Albany that night. 

The team met with Health Department in- 
vestigators for briefing sessions the next morn- 
ing. The team’s instrumentation included a 
field instrument for the detection of low energy 
radiation, known as a “FIDLER”. This “FID- 
LER” proved extremely useful measuring the 
60 keV gamma energy of americium-241. It con- 
sists of a thin (11), inch) 5-inch diameter Nal 
Harshaw crystal with an Eberline pulse rate 
meter. It was able to detect the 60 keV gamma 
radiation of americium-241 in rugs, mattresses, 
and tile that had not been detectable by con- 
ventional scintillation or gas-flow alpha survey 
instruments. 

With the additional support provided by the 
RADCON team, investigative priorities were 
established including a resurvey of the N home, 
the school attended by N’s younger son, a rec- 
reation center attended by the family, and parts 
of the Russell Road laboratory and former lab- 
oratory site on Colvin Avenue. 

This resurvey verified the preliminary find- 
ings of the Health Department staff and lo- 
cated fixed activity not previously identified 
in rugs and under tiles. 

The RADCON team proved of considerable 
assistance in defining the extent of the prob- 
lem. The Public Health Service obtained three 
additional “FIDLERs” from the National 
Aeronautics and Space Administration for use 
in the survey. All suspected locations and areas 
where contamination might be thought to have 
occurred were monitored. In each such instance, 
the Department notified the property holder 
whether the findings were negative or positive. 
If positive, the notification included recommen- 
dations for corrective action. 

Dr. Hollis S. Ingraham, the New York State 
Health Commissioner, issued an order on Feb- 
ruary 19th, prohibiting access or entry to the 
N family home to any person, except with the 
specific authorization of the Commissioner of 
Health. This included Mr. N and members of 
his family who took up temporary residence in 
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a motel. 

The Commissioner’s action was designed to 
prevent a spread of contamination, and pro- 
vide additional impetus for identifying and 
cleaning up contaminated areas in and on the 
N premises. 

Another order by Commissioner Ingraham 
required that Mr. N submit to him an accep- 
table and detailed plan for: 

A. the reduction of levels of alpha contami- 
nation in the house so as not to exceed 
the following limits in the interest of 
health and safety: 
fixed contamination: average 500 dpm/ 
100 cm’; maximum 2,500 dpm/100 cm’; 
removable contamination: 100 dpm/100 
cm’; 

. the protection of personnel carrying out 
decontamination procedures; 

. the techniques to be employed in measur- 
ing levels of radioactivity ; 

. the types of packaging and disposal to 
be used for contaminated removable, dis- 
posable items; 

. the prevention of offsite contamination, 
and 

. the identification of individuals and cor- 
porations proposed to be engaged pur- 
suant to the plan, including training, ex- 
perience and licenses held. 

Close associates of the N family, who ate and 
slept in the home with any frequency, were 
investigated if there was a strong likelihood 
that they might have inhaled or ingested radio- 
active dust. 

Two maids had lived in the N household dur- 
ing the period since 1963. One, who had lived 
in the N home while the family was in New 
Jersey, was easily located in that State. The 
other maid, who had lived in the New Jersey 
home and the Albany residence occupied by the 
N family, had since returned to her native 
Germany. Whole body counting of the New 
Jersey maid showed a low (7 nCi) but measur- 
able body burden, and the German authorities 
reported that the maid living in Germany was 
found to have a negative whole-body count. 

A cat in the N household became sick and 
died during the investigation. The preliminary 
report on the body burden of the cat shows 
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approximately 2.5 nCi. Additional studies are 
planned. 

Mr. N contracted with Applied Health Phys- 
ics of Pittsburgh, Pa., to decontaminate his 
residence. This was done under a license issued 
on April 10, 1970, by the Bureau of Radiological 
Health. Bureau staff closely observed the de- 
contamination. After a final survey, the Com- 
missioner’s order prohibiting access to the home 
was lifted in May 1970. 

All premises or likely locations where con- 
tamination occurred were resurveyed with the 
FIDLER. Fixed activity in the floor at 22 Colvin 
Avenue was verified. Hi Vol air sample results 
for americium-241 were below permissible lim- 
its. The premises are presently being decontam- 
inated. Contamination was also found in two 
other private residences in Albany, N.Y. The 
moving van that had transferred Mr. N’s be- 
longings from New Jersey to Albany, N.Y. 
sometime in 1965 was found and surveyed. 
Contaminated materials in the private resi- 
dences have been removed and packaged for 
ground burial (table 5). 

Nine private residences, a recreational cen- 
ter, a public school, a college dorm room and an 
apartment were carefully surveyed with the 
FIDLER and no contamination found. 

It was concluded by department investigators 
that the contamination in the Colvin Avenue 
laboratory and in the furniture and equipment 
moved from Colvin Avenue to the Russell Road 
laboratory was transported by Mr. N to the 
laboratory on his person, his clothing and other 
of his personal belongings and books. 


Table 5. 


The investigation may be summarized briefly 
even though it is continuing. 

The Department has engaged Dr. Neil Wald 
of Pittsburgh, an internationally recognized 
expert on americium radiation as a consultant 
to assist with the continuing medical investiga- 
tion indicated as a result of the whole body 
counting. 

Mr. N’s home has been decontaminated and 
the family lives there. Mr. N has left the health 
department. 

All identified sources of americium contami- 
nation revealed by this investigation have been 
decontaminated, with the exception of some 
fixed activity in the floor of a truck and the 
former laboratory site at Colvin Avenue. The 
fixed activity located is yielding, but stub- 
bornly, to continuing decontamination efforts. 
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Locations, equipment and premises surveyed for americium 
contamination and action initiated 


Contamination identified Location Action 





55 Russell Road, 
Albany, N.Y. 


Health Department for low level 


All contaminated equipment, 
counting laboratory 


supplies, and materials pack- 
aged and shipped for burial. 
Premises decontaminated in 
| accordance with order of Com- 


Cf Ee a Albany, N.Y. 


Laboratory space leased by 
Health Department 1963-1967 - 
Temporary residence of N 


Household items transferred 
from N temporary residence 
to another location 

Truck transferring household 
belongings of N in 1965 from 
New Jersey to Albany, N.Y.--- 
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Albany, N.Y. 


missioner of Health. 


22 Colvin Avenue, | 
Albany, N.Y. 
Albany, N.Y. 


Premises decontaminated. 

Contaminated carpet and tiles 
removed and packaged for 
ground burial. 

Contaminated rugs, mattress, 
lampshades and cushions pack- 
aged for ground burial. 

Truck decontaminated ex- 
cept for fixed radioactive con- 
tamination in “‘one spot” on 
floor of trailer. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, January 1972 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an 
indicator of the general population’s intake 
of radionuclide contaminants resulting from 
environmental releases. Fresh milk is con- 
sumed by a large segment of the population and 
contains several of the biologically important 
radionuclides that may be released to the en- 
vironment from nuclear activities. In addi- 
tion, milk is produced and consumed on a regu- 
lar basis, is convenient to handle and analyze, 
and samples representative of general popula- 
tion consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtain- 
ing information on current radionuclide con- 
centrations and long-term trends. From such 
information, public health agencies can deter- 
mine the need for further investigation or cor- 
rective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Adminis- 
tration, U.S. Public Health Service, consists 
of 63 sampling stations: 61 located in the 
United States, one in Puerto Rico, and one 
in the Canal Zone. Many of the State health 
departments also conduct local milk surveil- 
lance programs which provide more compre- 
hensive coverage within the individual State. 
Data from 15 of these State networks are re- 
ported routinely in Radiation Data and Re- 
ports. Additional networks for the routine sur- 
veillance of radioactivity in milk in the West- 
ern Hemisphere and their sponsoring organi- 
zations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 
pling stations 


sam- 


Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the net- 
works presently reporting in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activi- 
ties, the present format integrates the comple- 
mentary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission be- 
come incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by 
the selective metabolism of the cow, which re- 
stricts gastrointestinal uptake and secretion 
into the milk. The five fission-product radio- 
nuclides which commonly occur in milk are 
strontium-89, strontium-90, iodine-131, cesium- 
137, and barium-140. A sixth radionuclide, po- 
tassium-40, occurs naturally in 0.0118 percent 
(2) abundance of the element potassium, re- 
sulting in a specific activity for potassium-40 
of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radiostron- 


255 











oe? 


en. 
Q 





HAWAII 








LEGEND: 
® Canadian Sampling Stations 


@ Pasteurized Milk Network 
Sampling Stations 





© Pan American Milk Sampling 
Program Stations 


C) States Presently Reported 


QO 200 400 600 800 1000 Miles 





0 300 600 900 1200 Kilometers 
aw 








Figure 1. Milk sampling networks in the Western Hemisphere 
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tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (20), for these elements are 1.16+ 
0.08 g/liter for calcium and 1.51+0.61 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963-March 1966 
(3) and were determined for use in general 
radiological health calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agree- 
ment of the measurements among the labora- 
tories. The Analytical Quality Control Service 
of the Office of Radiation Programs conducts 
periodic studies to assess the accuracy of de- 
terminations of radionuclides in milk per- 
formed by interested radiochemical laborator- 
ies. The generalized procedure for making such 
a study has been outlined previously (4). 

The most recent study was conducted during 
July 1971, with 37 laboratories participating 
in an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of 
the 17 laboratories producing data for the net- 
works reporting in Radiation Data and Re- 
ports, 14 participated in the experiment. 

The accuracy results of this experiment for 


Table 1. 


Isotope and knewn 
concentration +2¢ 


Acceptable* 


| 
| 


Iodine-131 (69 +6 pCi /liter) 


Cesium-137 (52 +6 pCi /liter) : 12 
Strontium-89 (31 +6 pCi /liter) = 9 
Strontium-90 (41.6 +2.4 pCi/liter) - 9 


13 (100%) 0 

(92%) 1 (8%) 
(90%) 
(69%) 1 (8%) 


these 14 laboratories are shown in table 1. 
Considerable improvement has been made in 
the accuracy of all radionuclides from those 
of previous studies. Some improvement is still 
needed on the strontium-90 results. These pos- 
sible differences should be kept in mind when 
considering the integration of data from the 
various networks. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete understand- 
ing of several parameters is useful for inter- 
preting the data. Therefore, the various milk 
surveillance networks that report regularly 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are 
determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic meth- 
odologies. The methods used by each of the net- 
works have been referenced in earlier reports 
appearing in Radiological Health Data and 
Reports. 

A previous article (6) summarized the cri- 
teria used by the State networks in setting up 
their milk sampling activities and their sample 
collection procedures as determined during a 
1965 survey. This reference and an earlier data 


Distribution of mean results in milk quality control experiment 


Number of laboratories in each category 


| 
Warning | Unaccept- 
| level> | ablee 





0 

| 0 

1 (10%) 0 
3 (23%) | 


® Measured concentration equal to or within 2¢ of the known concentration. 
> Measured concentration outside 2¢ and equal to or within 3¢ of the known concentration. 
© Measured concentration outside 30 of the known concentration. 
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article for the particular network of interest 
may be consulted should events require a more 
definitive analysis of milk production and milk 
consumption coverage afforded by a specific 
network. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environment levels. The 
number of samples analyzed at a particular 
sampling station under current conditions is 
reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rel- 
atively stable over short periods of time, and 
sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and is 
generally increased at the first measurement or 
recognition of a new influx of this radionuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis (7) 
of raw and pasteurized milk samples collected 
during January 1964 to June 1966 indicated 
that for relatively similar milkshed or sampling 
areas, the differences in concentration of radio- 
nuclides in raw and pasteurized milk are not 
statistically significant (7). Particular atten- 
tion was paid to strontium-90 and cesium-137 
in that analysis. 


Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 
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Practical reporting level 
(pCi/liter) 


Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Radionuclide 


Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample de- 
terminations. The treatment of measurements 
equal to or below these practical reporting 
levels for calculation purposes, particularly in 
calculating monthly averages, is discussed in 
the data presentation. 


Analytical error or precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 


Radionuclide (2-standard deviation) 


Strontium-89 1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels =50 pCi/liter; 

Strontium-90 1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels =20 pCi/liter ; 

4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels =100 pCi/ liter. 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioactiv- 
ity in milk presented in Radiation Data and 
Reports in perspective, a summary of the guid- 
ance provided by the Federal Radiation Council 
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Table 2. Concentrations of radionuclides in milk for January 1972 and 12-month period 
February 1971 through January 1972 


| Radionuclide concentration 
| (pCi /liter) 





Sampling location Type 
Oo 


sample * 





| Strontium-90 Cesium-137 


| Monthly | 12-month | Monthly | 12-month 
average> | average average> | average 
UNITED STATES: 
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~ See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for January 1972 and 12-month period 
February1971 santa January 1972—continued 








Radionuclide concentration 
(pCi/liter) 





Sampling location Type 
— P Strontium-90 } Cesium-137 
sample * 





Monthly 12-month Monthly 12-month 
average > average average > average 





UNITED STATES—Continued 
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Mont: han . 
Omahav¢__-- 
Las Vegas° 
Manchester°_- 
Trenton® 
Albuquerque*- 
Buffalo¢ 
New York City*- 
Syracuse°_ 
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“See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for January 1972 and 12-month period 
February 1971 through January 1972—continued 


Sampling location 


Radionuclide concentration 
(pCi/liter) 





‘ in 
of | 


Strontium-90 Cesium-137 


sample * ueimestinnes 
Monthly 
average > 


12-month 
average 


Monthly 
average > 


12-month 
average 





CANADA: 
Alberta: 


Ed 
British Columbia: 
Vancouver 
Manitoba: 
Winnipeg 
New Brunswick: 
Fredericton 
Newfoundland: 


St. 


Nova Scotia: 


Ontario: 


Quebec: 


Saskatchewan: 


CENTRAL AND SOUTH AMERICA: 
Canal Zone: 
Cristobal¢ 


i al hd at Leeds hide baa aiickabiimarinan 


Chile: Santiago 
Ecuador: Guayaquil 
Jamaica: Kingston 
Puerto Rico: 

San Juan¢ 
Venezuela: 

Caracas 








wu vuvvuvvuy v vv VU VV 











vy Vv VU 





aic wow snooocoo 





® P, pasteurized milk. 
R, raw milk. 


> When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0”” was used for mee Monthly averages 
1 


less than the practical reporting level reflect the fact that some but not all of the individual samples making up the average containe 


evels greater than 


the practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in par- 


entheses. 


© Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 


4 Radionuclide analysis not routinely performed. 


¢ The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or 


less than the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 


Cesium-137: Colorado—25 pCi liter 
New York—20 pCi/liter 


Strontium-90: New York—3 pCi/liter 


5 , Oregon—15 pCi/liter Oregon—15 pCi/liter : 
! This entry gives the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote. 


NA, no analysis. 


for specific environmental conditions was pre- 
sented in the December 1970 issue of Radiolog- 
ical Health Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiation Data 
and Reports. The relationship between the 
PMN stations and the State stations is shown 
in figure 2. The first column under each of the 
reported radionuclides gives the monthly aver- 
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age for the station and the number of samples 
analyzed in that month in parentheses. When 
an individual sampling result is equal to or be- 
low the practical reporting level for the radio- 
nuclide, a value of zero is used for averaging. 
Monthly averages are calculated using the 
above convention. Averages which are equal to 
or less than the practical reporting levels re- 
flect the presence of radioactivity in some of 
the individual samples greater than the prac- 
tical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
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Figure 2. State and PMN sampling stations in the United States 


for the station as calculated from the preceding 
12 monthly averages, giving each monthly av- 
erage equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90, and cesium-137 for January 1972 
and the 12-month period, February 1971 to 
January 1972. Except where noted, the monthly 
average represents a single sample for the 
sampling station. Strontium-89, iodine-131 and 
barium-140 data have been omitted from table 
2 since levels at the great majority of the sta- 


262 


tions for January 1972 were below the respec- 
tive practical reporting levels. Table 3 gives 
monthly averages for those stations at which 
strontium-89 and iodine-131 were detected. 


Table 3. Strontium-89 and iodine-131 in milk 


January 1972 


Iodine-131* 
(pCi/liter) 


Strontium-89 | 
| (pCi/liter) 


Sampling location 





Del Norte (State) 
Mendocino (State) - _ - - 
Denver (PMN) - - -- 

East (State) _ - oss 
Northeast (State) _-____--- 
Dodge City (State) ____- 
Wichita (State) _ __---- 
New Orleans (PMN) - - - - 
Fayetteville (State) 

Salt Lake City (PMN) 
Laramie (PMN) 


« Attributed to atmospheric nuclear detonation by the Peoples Republic 
of China on January 7, 1972. 
b Number in parentheses indicates number of samples. 


Radiation Data and Reports 





Strontium-90 monthly averages ranged from 
0 to 17 pCi/liter in the United States for Jan- 
uary 1972, and the highest 12-month average 
was 17 pCi/liter (Duluth and Little Falls, 
Minn.) representing 8.5 percent of the Federal 
Radiation Council radiation protection guide. 
Cesium-137 monthly averages ranged from 0 
to 69 pCi/liter in the United States for January 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
California Diet Study 
Connecticut Standard Diet 
Institutional Total Diet 
Strontium-90 in Tri-City Diets 


Period reported 
July-December 1970 
January-December 1970 
July-September 1971 
January-December 1970 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing esti- 
mates of nationwide dietary intakes of radio- 
nuclides. Programs reported in Radiation Data 
and Reports are as folows: 


Issue 
November 1971 
December 1971 
April 1972 
November 1971 
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Carbon-14 in Total Diet and Milk, July-December 1971 


Office of Radiation Programs 
Environmental Protection Agency 


In July 1965, a program to determine the 
levels of carbon-14 and tritium in the total diet 
and milk in the United States was initiated by 
the Public Health Service. In December 1970, 
this program was transferred to the Office of 
Radiation Programs of the Environmental Pro- 
tection Agency (EPA). Initially, monthly 
samples from each of the EPA Institutional 
Total Diet Sampling Network (ITDSN) and 
Pasteurized Milk Network (PMN) stations 
were composited and analyzed according to six 
arbitrarily selected regions: Northeast, South, 
Delta, Central, Southwest, and Northwest. Fig- 
ure 1 shows the ITDSN and PMN sampling 
stations in each of the designated regions. 

In January 1966, the program was modified 
to include selected stations in each of the previ- 


ously mentioned regions plus Alaska and 
Hawaii. The nine geographically distributed 
sampling stations are: Palmer, Alaska; Hono- 
lulu, Hawaii; Idaho Falls, Idaho; Chicago, Ill; 
New Orleans, La; Boston, Mass; Portland, 
Oreg; and Charleston, S.C. Los Angeles, Calif. 
is not a PMN station, but a special milk sample 
is collected for purposes of comparison with 
the routine ITDSN sample. 

A 1-liter milk sample and a 2-kilogram food 
sample are sent to the Northeastern Radiolog- 
ical Health Laboratory for analysis. The milk 
and total diet samples analyzed represent the 
samples collected for that month. 

The carbon-14 analyses are performed semi- 
annually. The tritium analyses were discon- 
tinued in July 1969 because the results were 
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Figure 1. ITDSN and PMN sampling stations 
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only slightly above the limit of detectability and 
were less than 1 percent of the maximum per- 
missible concentration for milk and food con- 
sumed by the general population. 


Analytical procedures 


The carbon-14 content is determined by com- 
bustion of the milk or food sample and collec- 
tion and purification of the evolved carbon di- 
oxide. The carbon dioxide is then converted to 
methane and counted in a gas-proportional 
counter (1). 


Results and discussion 


The carbon-14 concentration in food and 
milk was measured as dpm of carbon-14 per 
gram of carbon and converted to pCi/kg or 
pCi/liter by using the percent carbon in the 


Table 1. 


Location Date collected 


(1971) 


Alaska: Palmer 

Calif: Los Angeles 

Hawaii: Honolulu 
Idaho Falls 
Chicago 
New Orleans. - - 
Boston 
Portland _- 
Charleston - 


October 
October 
October 
October 
October 
October 
October 
October 
October 


Average _ _ 


(dpm /g C +2¢) 


sample. The carbon content in food ranged from 
8.2 to 11.7 percent with an average of 9.7 per- 
cent, and the carbon content in milk ranged 
from 4.4 to 6.0 percent with an average of 5.3 
percent. Table 1 shows the dpm per gram of 
carbon and the carbon-14 concentrations in 
total diet and milk for July-December 1971. 
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Other coverage in Radiological Health Data and 
Reports: 


Period Issue 
January 1969—June 1970 
July—December 1970 
January—June 1971 


January 1971 
May 1971 
December 1971 


Carbon-14 in total diet and milk, July-December 1971 


Total diet | Milk 


(pCi/kg +2¢) (dpm /g C +2¢ (pCi /liter +20) 


670 +10 
730 +10 
770 +10 
800 +20 
750 +10 
790 +20 
760 +10 
770 +10 
730 +20 


410 +10 
380 +10 
390 +10 
390 +10 
420 +10 
400 +10 
320 +10 
370 +10 
360 +10 


~ 750 i 5.8: 390 
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The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include determi- 
nations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4) set the limits for ap- 
proval of a drinking water supply containing 
radium-226 and strontium-90 at 3 pCi/liter and 
10 pCi/liter, respectively. Higher concentra- 


Water sampling program 
California 
Colorado River Basin 
Gross Radioactivity in Surface 
Waters of the United States 
Interstate Carrier Drinking Water 
Kansas 
Minnesota 
North Carolina 
Radioactivity in Florida Waters 
Radiostrontium in Tap Water, HASL 
Tritium in Community Water Supplies 
Tritium Surveillance System 
Washington 
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tions may be acceptable if the total intake of 
radioactivity from all sources remains within 
the guides recommended by FRC for control 
action. In the known absence’ of strontium-90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentra- 
tions of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State pro- 
grams are published periodically to show cur- 
rent and long-range trends. Water sampling 
activities reported in Radiation Data and Re- 
ports are listed below. 


1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha-particle emitters and strontium- 
90, respectively. 


Period reported 


January-December 1969 
1968 





August 1971 

1970 
January-December 1970 
January-June 1970 
January-December 1967 
1969 

January-June 1971 
1969 

July-September 1971 
July 1969-June 1970 


Issue 


October 1971 
March 1972 


April 1972 
July 1971 
December 1971 
November 1971 
May 1969 
January 1972 
April 1972 
December 1970 
April 1972 
March 1972 
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Standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
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(4) FEDERAL RADIATION COUNCIL. Background 
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ments, U.S. Government Printing Office, Washington, 
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Gross Radioactivity In Surface Waters of The United States 
September 1971 


Office of Water Programs 
Environmental Protection Agency 


The monitoring of gross radioactivity in sur- 
face waters of the United States was initiated 
in 1957 as part of the Water Pollution Sur- 
veillance System (formerly National Water 
Quality Network) of the U.S. Public Health 
Service. Currently, the program is operated by 
the U.S. Environmental Protection Agency, 
Office of Water Programs. Regional offices of 
the Environmental Protection Agency are re- 
sponsible for the collection of samples and the 
entering of the resulting data into the analyti- 
cal storage and retrieval system. Radioactivity 
analyses are performed in the centralized radio- 
activity laboratories of the Office of Water Pro- 
grams (Cincinnati, Ohio). 

The regular reporting of gross radioactivity 
data in Radiological Health Data and Reports 
was terminated with the publication of data for 
the month of October 1968 (April 1969 issue). 
With the publication of data for January 1971, 
it is intended to reinitiate this activity as a 
monthly report series. The unpublished data 
for the time interval of November 1968 
through December 1970 will be the subject of 
a future summary article. 

Table 1 presents the gross alpha and beta 
radioactivity results for samples collected from 
24 rivers during September 1971. Table 2 pre- 
sents the gross alpha and beta radioactivity 
results on composited samples from six rivers 
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collected and composited during the third quar- 
ter of the 1971 water year (April-June 1971). 
The analytical procedures used for determining 
gross alpha and beta radioactivity are described 
in the 13th Edition of Standard Methods for 
the Examination of Water and Wastewater (1). 
Results are reported for the date of counting 
and are not corrected to the date of collection. 
The sensitivity in counting is that defined by 
the National Bureau of Standards, Handbook 
86 (2) and is calculated to be <0.2 pCi/liter 
for gross alpha radioactivity and <1 pCi/liter 
for gross beta radioactivity measurements. 


REFERENCES 


(1) AMERICAN PUBLIC HEALTH ASSOCIATION: 
AMERICAN WATER WORKS ASSOCTATION 
AND WATER POLLUTION CONTROL FEDERA- 
TION. Standard methods for the examination of 
water and wastewater, 13th Edition, New York, N.Y. 
(1971). 

(2) U.S. DEPARTMENT OF COMMERCE. Radio- 
activity, Recommendations of the International Com- 
mission on Radiological Units and Measurements 
(1962), NBS Handbook 86 (November 29, 1963). 
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Table 1. Gross radioactivity in U.S. surface waters, September 1971 
: ie 


| Gross alpha radioactivity Gross beta radioactivity 
Number (pCi/liter) (pCi /liter) 
River and station of grab 


samples |_ : —— 
Suspended solids Dissolved solids | Suspended solids 


Dissolved solids 


Animas River: } 
Durango, Colo. _- a <0.2 <1 1 
Allegheny River: | 
Pittsburgh, Pa. | 
(8 miles)>_____- 7%: : 3 
Pittsburgh, Pa. 
(5 miles)» 
Big Sandy River: 
Wayne County, W. Va.- - - - 
Big Sioux River: 
Sioux Falls, S. Dak. 
Cheyenne River: 
Edgemont, S. Dak. 
Clinch River: 
Kingston, Tenn. 
Colorado River: 
Silt, Colo- 
De Beque, Colo. 
Utah-Colorado State Line 
Moab, Utah . | 
(above Mill Creek) - - - dg (4—9) | a (10—12) | 2% é 37. (30—53) 
Moab, Utah | | 
(below Highway Bridge) - df | B (1—3) (4—7) | ‘ (13—26) 
Cuyahoga River: | | 
Cleveland, Ohio---- ine 2 
Dolores River: 
Bedrock, Colo-_---- d§ <3.8 (<.2—14) 
Gateway, Colo. = 45 <3.6 (1—8) 
Great Lakes: | 
Lake Erie Buffalo, N.Y.---- | 2 
Guyandotte River: | 
Guyandotte, W. Va. - 1 
Kanawha River: | 
Winfield Dam, W. Va 
Mason County, W. Va. 

Maumee River: 
Toledo, Ohio 
Mississippi River: 
Burlington, Iowa_ .- - - 

Missouri River: 
Yankton, S. Dak. 
Omaha, Nebr. 
St. Joseph, Mo. 
St. Louis, Mo... - - 
Monongahela River: 
Pittsburgh, Pa. 
(4.5 miles)» - 
Pittsburgh, Pa. 
(8 miles)> F 
Muskingum River: 
Lock and Dam No. 2-- -- 
North Platte River: 
Henry, Nebr. - - - - 
Ohio River: 
New Martinsville, W. Va 
Marietta, Ohio 
Old Lock No. 19, W. Va. 
Addison, Ohio. --- _- 
Kyger Creek, W. Va. 
Gallipolis, Dam, W. Va. 
Boyd County, Ky. 
Cincinnati, Ohio 
Warwood, W. Va._-_- 
Hancock, W. Va 
Platte River: 
Plattesmouth, Nebr. - | 
Roanoke River: } 
John Kerr Dam, Va.. 7 i J K (3—4) 
St. Lawrence River: 
Massena, N.Y. ; : ‘ ‘ ‘ A -f on (<1—4) 
San Miguel River: 
Naturita, Colo. J . s | x (<1—6) 
Uravan, Colo. (above) 
Uravan, Colo. (below) 
Susquehanna River 
Conowingo, Md._---_- ; e .2—<. : (<.8—<.2) 
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* Indicates single grab sample. 

>» Distance from mouth of river. 

¢ Indicates composite sample for fourth quarter ending in September 1971 of the 1971 water year. 

4 Where more than one sample is analyzed during the month, the miaimum and maximum are in parentheses. 
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Table 2. Gross radioactivity in U.S. surface waters, April-June 1971 


Number 
of grab 
samples 
| 


River and station 


Arkansas River: 
Ponca City, Okla _.-_---- 
Mississippi River: 
West Memphis, Ark 
Vicksburg, Miss 
Red River: 
Dennison, Tex 
Rio Grande: 
OS TS, aa a 
Brownsville, Tex -.--..----- 
Sabine River: 
a 
Verdigris River: 
Nowata, Okla ___- 


Gress alpha 
recioaciivity 
(oCi/liter) 


Gross beta 
radinaetivity 
(pCi /liter) 


Suspended | Dissolved | Suspended) Dissolved 


solids solids solids solids 


® Indicates a composite sample for third quarter ending in June 1971 of the 1971 water year. 


Radioactivity In New York State Surface Water, July-December 1970, 
And January-June 1971 


Bureau of Radiological Pollution Control 
New York State Department 
of Environmental Conservation 


In 1955, the New York State Department of 
Health began a program to determine the 
amount of radioactivity in water used for public 
consumption. Radioactivity in water may arise 
from any one or a combination of the following 
sources: the natural mineral content of water 
(background), atmospheric fallout, or nuclear 
industry operations. 


Analytical procedures 


Analysis of samples was performed by the 
Radiological Sciences Laboratory of the New 
York State Department of Health. The pro- 
cedures described below were used to perform 
the indicated analyses. 

A gross beta determination is made on a 
measured quantity of water, usually 250 ml. 
The sample residue is analyzed for its gross 
beta component in an end window, gas-flow 
proportional counter. 
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Strontium and alkaline earths are precipi- 
tated as carbonates from a 500 ml sample. Iron 
and rare earths are removed by hydroxide 
scavenging, while barium is percepitated as a 
chromate. Strontium is finally precipitated as a 
sulfate from a pH controlled EDTA solution. 
Calcium and yttrium remain in solution as 
EDTA complexes (1-2). Strontium-90 is de- 
termined by yttrium-90 counting of the final 
precipitate at less than 6 hours after precipita- 
tion and again at greater than 50 hours using 
a flow proportional counter. Strontium-89 is 
estimated by taking the difference between the 
total radiostrontium and the strontium-90 
radioactivity. Chemical recovery is between 70 
and 75 percent and results in a minimum de- 
tectable radioactivity of 3 pCi/liter + 100 per- 
cent at the 95-percent confidence level. 


Tritium in water is determined by liquid 
scintillation counting. The sample is vacuum 
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@ WATER SAMPLING LOCATIONS 











Figure 1. New York water sampling locations 


Table 1. Gross beta radioactivity in New York raw surface water, July-December 1970 * 


Gross beta radioactivity 
(pCi /liter) 





Location July-September 1970 October-December 1970 


Number of; Average Maximum | Minimum | Number of, Average Maximum | Minimum 
samples samples 


Albany “s noe 
Ashford (Buttermilk Creek at Fox Valley Road) 
(Buttermilk Creek at Thomas Corners Road)» 
(Cattaraugus Creek at Bigelow Bridge) 
Brant (Cattaraugus Creek at Irving) - - . 
Collins (Cattaraugus Creek at Gowanda) 
Colonie (Filtration Plant) - - 
Concord (Cattaraugus Creek at Springville 
Dam): 
Weekly composite sample 
Daily continuous sample 
Derby (Sturgeon Point) 
Geneva (Seneca Lake 
Glenmont (Hudson River) 
Haverstraw (Iona Filtration Gallery) 
New Haven (Demster Beach Road) 
New York City - __- 
Niagara Falls (West Branch Niagara River) - - 
Ontario Filter Plant ee 
Ossining (Indian Brook Reservoir) 
(Hudson River at Sing Sing) 
Oswego 
Pawling (Pond at United Nuclear) 
Peekskill (Camp Field Water Supply) 
(Hudson River at Standard Brands) 
Rhinecliff (Hudson River) 
Tuxedo (Indian Kill) _- 
Wappinger (Hudson River) 
Watertown (Black River) - 
Yorktown (Croton Reservoir) 
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C2 02 CO CORD COCO M ~ITH COND 


* Excluding tritium. 

» This station is on the Nuclear Fuels Services reprocessing plant site. 
NS, no sample collected. 
ND, nondetectable. 
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Table 2. Strontium-90 concentration in New York surface waters, > Sane 1970 


Strontium-90 
(pCi/liter) 





Location July- siemens 1970 October-December 1970 





| 

| Number 
Average Maximum | Minimum of | Average Maximum | Minimum 
samples 
| 





Ashford (Buttermilk Creek at Thomas 
Corners Road) ® 
(Cattaraugus Creek at Bigelow Bridge) 
(Buttermilk Creek at Fox Valley Road) -- 
Brant (Cattaraugus Creek at Irving) - 
Collins (Cattaraugus Creek at Gowanda) 
Concord (Cattaraugus Creek at Springville 
Dam): 

Weekly composite sample - - - 
Daily continuous sample 
Derby (Sturgeon Point Station) : ‘ 
Peekskill (Hudson River at Standard Brands) 

(Hudson River at Sing Sing) 


* This station is on the Nuclear Fuels Services reprocessing plant site. 
ND, nondetectable. 
NS, no sample collected. 


Table 3. Gross beta radioactivity in New York raw surface waters,* January-June 1971 


Gross beta radioactivity 
(pCi/liter) 


Location January-March 1971 April-June 1971 





Number 
of Average Maximum Minimum f Average Maximum | Minimum 
samples | samples 


Albany 
(Colonie Filtration Plant) 
Angola (Water Treatment Plant) 
Ashford (Buttermilk Creek at Fox Valley Road) 

(Buttermilk Creek at Thomas Corners)" - - 

Cattaraugus Creek at Bigelow Bridge) 
Brant (Cattaraugus Creek at Irving) 

(Cattaraugus Creek at Gowanda) 

Concord (Cattaraugus Creek at Springville 

Dam): 

Weekly composite sample - - _- 
Daily continuous sample 
Derby (Sturgeon Point Station) 
Dunkirk (Filtration Plant) 
Geneva (Seneca Lake) 
Glenmont (Hudson River) 
New Haven (Demster Beach) 
New York City 
Niagara Falls (West Branch Niagara River) - - 
Ontario (Water Filtration Plant) . 
Ossining: 

(Hudson River at Sing-Sing) 

(Indian Brook Reservoir—raw) 

(Indian Brook Reservoir—treated) - - - 
Oswego 
Pawling (Pond at U nited Nuclear) 

Peekskill: 

(Hudson River at Standard Brands) - 

(Camp Field Water Supply—raw) 

(Camp Field Water Supply—treated) 
Rhinecliff (Hudson River) stl 
Tuxedo (Indian Kill) 

(Indian Kill—below Reservoir) - 
Wanplagee (Hudson River) 
Watertown (Black River) 
West Haverstraw (Iona Filtration setters 
Yorktown (Croton Reservoir) 

(Croton Reservoir— Deep Well) - 
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® Excluding tritium. 

b This station is on the Nuclear Fuels Services reprocessing plant site. 
ND, nondetectable. 
NS, no sample. 
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distilled and an aliquot mixed with a scintilla- 
tion cocktail (either 15 ml of Aquasol and 6 
ml of distillate or 17 ml of a dioxane-base cock- 
tail and 3 ml of distillate). Samples are counted 
for 50 minutes in either a Packard Tri-Carb 
model 3315 or a Beckman LS200B liquid 
scintillation spectrometer. Minimum sensitiv- 
ities are 1,000 pCi/liter for the Tri-Carb and 
500 pCi/liter for the Beckman. 


Discussions and results 


During the July-September 1970 period, six 
daily samples and two weekly samples were 
collected from site 042, Cattaraugus Creek at 
Springville Dam and one sample from site 065, 
Cattaraugus Creek at Irving, were over 600 
pCi/liter of gross beta which is considered to 
be the allowable AEC limit without making a 
specific isotopic analysis. 

Specific isotopic analyses were made on each 
of the samples and the concentrations of major 
isotopes present were determined. The most 
important isotope present in all of the samples 
was strontium-90. 

The AEC was notified of the increasing inci- 
dence of samples over 600 pCi/liter and addi- 
tional treatment controls have been imple- 
mented by Nuclear Fuels Services to reduce the 
concentration of strontium-90 until the pro- 
posed low level waste treatment facility is 
operational. 

The number of samples, quarterly average, 
maximum and minimum gross beta-particle 


concentrations in New York surface water for 
July-December 1970 are given in table 1. 
Strontium-90 in surface water is shown in 
table 2. 

During the October-December 1970 period, 
the concentrations of radionuclides in most 
waters throughout the State were low except 
for the waters immediately below the Nuclear 
Fuels Services discharge. The levels of radio- 
activity measured in Cattaraugus Creek were 
below AEC limits. There were no samples that 
exceeded the limit of 600 pCi/liter which would 
require a specific isotopic analysis to ascertain 
compliance with the AEC limits. 

Gross beta-particle concentrations for Jan- 
uary-June 1971 are given in table 3; strontium- 
90 concentrations are given in table 4. 


Tritium concentration values for July 1970- 
June 1971 are given in tables 5 and 6. Tritium, 
the radioactive isotope of hydrogen, and a very 
low-energy beta-particle emitter, is released to 
the water courses during the reprocessing of 
nuclear fuel. The tritium concentrations in 
Cattaraugus and Buttermilk Creeks reflected 
contributions to the streams from the Nuclear 
Fuels Services reprocessing plant. 


REFERENCES 


(1) PORTER, C., D. CAHILL, R. SCHNEIDER, P. 
ROBBINS, W. PERRY, and B. KAHN. Anal Chem 
33:1356 (1961). 

(2) WELFORD, G. and D. SUTTON, a paper presented 
at the American Chemical Society meeting in New 
York City, September 1960. 


Table 4. Strontium-90 concentration in New York surface waters, January-June 1971 








Strontium-90 
(pCi/liter) 





Location 


January-March 1971 


April-June 1971 





Number 
of 


samples | 


Average | Maximum Minimum 


j 
Number : rf 

Average | Maximum | Minimum 
| 








Ashford (Buttermilk Creek at Thomas Corners)* 
(Cattaraugus Creek at Bigelow Bridge) 
(Buttermilk Creek at Fox Valley Road) 
Angola (Treatment Plant) 
Brant (Cattaraugus Creek at Irving) 
(Cattaraugus Creek at Gowanda) 
Concord (Springville Power Dam on Cattaraugus Greek) _| 
Derby (Sturgeon Point) 
Dunkirk (Filtration Plant) 
Hudson River at Standard Brands 
Hudson River at Sing-Sing 











® This station is in the Nuclear Fuels Services reprocessing plant site. 
ND, nondetectable. 
NS, no sample. 
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Table 5. Tritium concentration of New York surface waters, July-December 1970 


Tritium concentration 
(nCi/liter) 


Location July-September 1970 October-December 1970 


Number 


of Average Maximum Minimum of Average Maximum 


Minimum 
samples samples 


= 
/ 


(Colonie Filtration Plant) - - 

Ashford (Buttermilk Creek at Fox Valley 
Road) : ; 
(Buttermilk Creek at Thomas Corners 

Road)* 

(Cattaraugus Creek at Bigelow Bridge) - - 
Brant (Cattaraugus Creek at Irving) - 
Collins (Cattaraugus Creek at Gowanda) 
Concord (Cattaraugus Creek at Springville 

Dam): Weekly composite sample 

Daily continuous sample 

Derby (Sturgeon Point Station) 

Oswego (City Hall Tap) 

Pawling (Pond at United Nuclear) 

Rhinecliff (Hudson River) 

Wappinger (Hudson River) 
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® This station is on the Nuclear Fuels Services reprocessing plant site. 
> Daily continuous sample taken. 

ND, nondetectable. 

NS, no sample. 


Tritium concentrations of New York surface waters, January-June 1971 


Tritium concentration 
(nCi/liter) 


Location January-March 1971 April-June 1971 
Number 

of Average Maximum Minimum of Average Maximum Minimum 
samples samples 


Albany i 
Angola (Water Treatment Plant) sone 
Ashford (Buttermilk Creek at Fox Valley 
Road) 
(Buttermilk Creek at Thomas Corners 
Road) 
(Cattaraugus Creek at Bigelow Bridge) 
Brant (Cattaraugus Creek at Irving) 
(Cattaraugus Creek at Gowanda) 
Colonie (Filtration Plant) - - 
Concord (Cattaraugus Creek at Springville 
Dam): Weekly composite sample 
Daily continuous sample 
Derby (Sturgeon Point) 
Dunkirk (Filtration Plant) 
New Haven (Demster Beach) 
Ontario (Water Filtration Plant) 
Oswego (City Hall tap) 
Rhinecliff (Hudson River) 
Wappinger (Hudson River) 
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® This station is on the Nuclear Fuels Services reprocessing plant site. 
ND, nondetectable. 
NS, no sample collected. 


Recent coverage in Radiological Health Data and 
Reports: 


Period Issue 
July—December 1969 June 1970 
January—June 1970 September 1971 
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Interstate Carrier Drinking Water Analysis Program, 1971 


Office of Water Programs and 
Office of Radiation Programs 
Environmental Protection Agency 


The routine surveillance of finished drinking 
water from public drinking water supplies is 
a project of the Office of Water Programs of 
the Environmental Protection Agency (EPA), 
in partial fulfillment of the requirements as set 
forth in Subpart J of the Interstate Quarantine 
Regulation (1) most commonly known as 
the Public Health Service Drinking Water 
Standards. The basic network for this activity 
consists of approximately 658 water supplies 
(serving over half of the U.S. population with 
access to public water systems) which provide 
water for use by interstate carriers. Laboratory 
support is provided by the Northeastern Radio- 
logical Health Laboratory, Eastern Environ- 
mental Radiation Laboratory, and Western 
Environmental Research Laboratory. All sam- 
ples were taken as single grab samples and the 
results of the radiological analyses are shown 
in table 1. In many cases where a water system 
receives raw water from more than one source, 
the finished drinking water derived from each 
source has been examined. 

The drinking water standards for radio- 
nuclides are conservative in their requirements 
so that the total intake of these nuclides from 
all sources is not likely to result in an intake 
greater than the guidance levels given by the 
Federal Radiation Council (2). 

The standards provide for the approval of 
water supplies, based on their radionuclide 
content, when the water does not contain more 
than 3 pCi/liter of radium-226 or 10 pCi/liter 
of strontium-90. In the absence of strontium-90, 


May 1972 


and in the absence of alpha emitters, the water 
supply is acceptable when the gross beta con- 
centration does not exceed 1,000 pCi/liter. 
However, a water supply may be approved 
when the limits prescribed above are exceeded 
if it can be demonstrated by surveillance that 
the total intake of radioactivity from all sources 
is within the guidance for control action recom- 
mended by the Federal Radiation Council. 
When mixtures of radionuclides are present, 
the relative contribution of each radionuclide 
to the total intake of the individual should be 
considered when evaluating the exposure. 


REFERENCES 


(1) DEPARTMENT OF HEALTH, EDUCATION, 
AND WELFARE, PUBLIC HEALTH SERVICE. 
Federal Register Rules and Regulations, Title 42, 
Public Health Chapter 1, Part 72, Interstate Quaran- 
tine, Subpatt J Drinking Water Standards: 2154- 
2155 (March 6, 1962). 

(2) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 
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Date | Grossalpha | Gross beta | Radium-226 Strontium-90 
coNected radioactivity radioactivity | (pCi/liter+2c) | (pCi/liter +2¢) 
(1971) | (pCi/liter +20) (pCi/liter +2) 


| 
Oak Grove 
Ketchikan - -- 
Yorklyn 
Savannah 








Lemont. - - 

Mt. Vernon 
Evansville 

Gary — 
Michigan City - - -- 
Middlebury 
Catlettsburg - 
Covington 

Fulton - - 
Lexington 


DOR ARMARARAAARAHIO=-] 








Creu 





Louisville 
Templeton 


cocooooooooouwceoceceoceoceco 


Elberta 
Kalamazoo 
Ludington 
Owosso 

St. Joseph 
Campbell 
Donnelly 
Graceville _ _ - 
Herman 
Gulfport 


i) 


SNOCNAVAONRE NN 
nN 


AAIAIAAIAIL PP Pe 


Cape Girardeau - - - 
Hermann 
Kansas City - - bee 
North Kansas City - - 
Elizabeth 
Greenwich 
Merchantville 
Paulsboro 
Perth Amboy - - - 
Woodbridge 
Hudson 
Peekskill 
Rome 
Utica 
Cogswell 
Drayton 
Fargo - 
Forman - - 
Gwinner 
Ohio: Conneaut 
Fairport Harbor 
Marietta a 
Portsmouth 
Youngstown - - 
S. Dak: Britton 
Vt: Rutland__ . 
White River Junction 
Wash: Longview 
Wisc: Manitowoc. - - 
New Lisbon 
Sturgeon Bay - 


PII ODAROTIPADRHOKR ISO RH WOANMN 


as 
n OO im © © © 


a 


Summary - 


* The minimum detectable radioactivity is 2 pCi 


} i/liter for strontium-90, gross alpha, and gross beta radioactivity; and 0.1 pCi/liter for 
radium-226. All values equal to or less than the minimal detectable radioactivity are reported as zero. 


Other coverage in Radiological Health Data and 
Reports: 
Period 


1967-1969 December 1970 
1970 July 1971 
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Tritium Surveillance System, October-December 1971 


Office of Radiation Programs 
Environmental Protection Agency 


The Tritium Surveillance System is an ex- 
pansion of previous tritium surveillance activ- 
ities conducted by the Office of Radiation Pro- 
grams, Environmental Protection Agency 
(EPA). The principal effort in the past by the 
Office of Radiation Programs related to tritium 
releases has been the tritium in surface water 
network. This network was established in 1964, 
to measure and monitor tritium concentrations 
in major river systems in the United States and 
to provide surveillance at surface water sta- 
tions downstream from selected nuclear facil- 
ities. The network consisted of selected stations 
from existing water pollution sampling stations 
operated by the Office of Water Programs of 
EPA. The final data from this network for the 
period, January-June 1970, have been published 
previously (1). 

Another effort of the Office of Radiation Pro- 
grams was a tritium in precipitation program. 
This project was established in 1967 at selected 


Radiation Alert Network (RAN) stations cov- 
ering the United States, including Alaska and 
Hawaii. The RAN is operated by the Office of 
Air Programs of EPA. The data from this proj- 
ect for July-December 1969, have been pub- 
lished previously (2). Due to the increased in- 
terest in tritium releases from nuclear facilities 
and the potential long-term accumulation in the 
environment, a national system was established 
to incorporate these projects or networks into 
one overall system. 


Present network 


In the Tritium Surveillance System, drink- 
ing water samples were taken at 70 RAN sta- 
tions, precipitation samples were collected daily 
and analyzed monthly from 8 of the RAN sta- 
tions (figure 1), and surface waters were sampled 
quarterly at 39 stations (figure 2). The spe- 
cific locations for the surface water sampling 
system were determined by examining the 
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Figure 1. 


Drinking water and precipitation sampling 


locations for tritium surveillance system 
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Figure 2. Surface water sampling locations for tritium surveillance system 


water drainage areas to assure that a repre- 
sentative sample from a large area or region 
was obtained, and if possible, incorporating sev- 
eral nuclear facility sites. All nuclear facilities 
that were operating, being constructed, or 
planned through 1975 were considered. Consid- 
eration was also given to the current surveil- 
lance programs of the States that will be in- 
volved in the collection of the samples. The sur- 
face water samples are collected quarterly 
either downstream from a nuclear facility or at 
a background station. 

The tap water samples are collected by the 
RAN operators on a quartery basis. The pre- 
cipitation samples are also collected by the 
RAN operators on a daily basis. 

All samples are sent to one of our labora- 
tories for analysis. Due to the different sensi- 
tivity of procedures used by the three labora- 
tories, the minimum detectable concentration 
varies. Analytical values which are not sta- 
tistically significant at the 2-sigma confidence 
level have been reported as zero. 


Results and discussion 


Table 1 presents the tritium concentrations 
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in drinking water at the RAN stations for 
October-December 1971. The average tritium 
concentration was 0.3 nCi/liter. 

The radiation dose resulting from the ob- 
served tritium concentrations in the drinking 
water may be evaluated by using the relation- 
ship derived by Moghissi and Porter (3) from 
recommendations of the International Com- 
mission on Radiological Units and Measure- 
ments (4). Assuming that the concentration of 
tritium in all water taken into the body is equal 
to that found in the drinking water and also 
that the specific activity of tritium in the body 
is essentially the same as that in the drinking 
water, then the radiation dose may be estimated. 


The highest individual concentration of 
tritium observed in the drinking water was 1.4 
nCi/liter during the fourth quarter. This cor- 
responds to a dose of 0.2 mrem/a, or less than 
0.2 percent of the Federal Radiation Council’s 
Radiation Protection Guide (170 mrem/a) for 
an average dose to a suitable sample of the ex- 
posed population. 

The tritium concentrations for the surface 
water samples are given in table 2. The highest 
tritium concentration was 5.2 nCi/liter for the 
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Table 1. Tritium concentration in tap water (RAN stations), October- 
December 1971 


Date Tritum 
Location collected concentration 


liter +20) 


Ala: Montgomery - 
Alaska: Anchorage - - - 
Attu Island 
Fairbanks 
Juneau 
Kodiak 
Nome 
Point Barrow 
Phoenix 
Ark: Little Rock 
Calif: Berkeley 
Los Angeles - 
Ancon 
Denver 
Hartford 
Dover 
Washington 
Jacksonville 
Miami 
Atlanta 
Agana 
Honolulu 
Boise 
Springfield 
Indianapolis 
Iowa City 
Topeka 
Frankfort 
New Orleans - - - 
Augusta 
Baltimore 
Lawrence _ 
Winchester 
Lansing 
Minneapolis 
Jackson 
Jefferson City - - 
Helena - 7 
Lincoln 
Las Vegas 
Concord - -_- 
Trenton 
Santa Fe 
Albany - - 
Buffalo - 
New York 
Gastonia 
Bismarck 
Cincinnati - - - - 
Columbus 
Painesville aan 
Oklahoma City _- 
Ponca City ‘ 
Portland 
Harrisburg - - 


le ee ee ee te Pe ee i ead) 
0 ob 


~ 


o 
4 
8 
4 
1 
6 
5 
5 
4 
5 
1 
6 
5 
2 


pee Bt fF 


Providence 
Columbia 

Pierre _ _ . . 
Nashville _ - _- 
Austin ; 
El Paso pee: 
Salt Lake City 
Barre___- 
Richmond 
Seattle 
Spokane - - 
Charleston - 
Madison 
Cheyenne 


i) 


SHAPIOR EET TKDE DH 


® The minimum detection limit for these samples was 0.2 nCi/liter. All values equal to or less 
than 0.2 nCi/liter have been reported as zero. For all other numbers, the minimum detection limit 
was 0.4 nCi/liter and all values equal to or less than 0.4 nCi/liter have been reported as zero. 

> This is the average of all concentration values as shown in the table. It should be noted that 
due to varying sensitivities of procedures between the three laboratories, two different minimum 
detectable concentrations are used. 


fourth quarter. Assuming that the specific 0.5 percent of the Radiation Protection Guide. 
activity of tritium in the body is essentially the The monthly analyses for tritium in precipi- 
same as that in surface water, this concentra- tation samples at the 8 RAN stations are shown 
tion corresponds to a dose of 0.9 mrem/a or in table 3. 
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Table 2. Tritium concentration in surface water, October-December 1971 





Location Water source 


| 
| Concentration 
| (nCi/liter +2c) 


Collection 
Facility d 





| Tennessee River 

| Arkansas River 
Humboldt Bay 
Pacific Ocean - -- 
South Platte River 
Connecticut River 

| Long Island Sound 
Gulf of Mexico 
Biscayne Bay 
Snake River - =eumuen 
Mississippi River -- -- 
Illinois River - - - - 
Mississippi River 
Susquehanna River 
Chesapeake Bay 
Deerfield River_- 
Lake Michigan 
Lake Erie - - --- 
Lake Michigan_. 
Mississippi River 
Missouri River 
Colorado River 
Delaware River - - 
Hudson River 
Lake Ontario 
Hudson River 
Catawba River 
Columbia River 
Savannah River-_- 
Lake Robinson 
Clinch River 
Rio Grande 
Connecticut River 
James River - - 
Columbia River 
Columbia River - - - 
Ohio River 
Lake Michigan 
Mississippi River 


Decatur. - - 
Morrilton 
Eureka 

San Onofre - - 
Greely - ; 
East Haddam 
Waterford - 
Crystal River 
Homestead - - 
Buhl 

Moline 

Morris 

New Orleans 
Conowingo 
Lusby 

Rowe - -- 
Charlevoix 
Monroe. -- 
South Haven. - - 
Monticello 
Rulo__-- ah 
Boulder C ity. 
Bayside - 
Ossining -- 
Oswego - _ - 
Poughkeepsie - - 
Charlotte 
Westport _- 
Allendale .- -- 
Hartsville - - - 
Kingston 

El Paso 
Vernon 
Newport News. 
Northport 
Pasco 
Wheeling 

Two Creeks 
Victory 


Average®_-__ 


| Millstone 


Browns Ferry. 

Arkansas Nuclear 

Humboldt Bay 

San Onofre. 

Fort St. Vrain 

Connecticut Yankee & Vermont Yankee- 


ij) 


coowso o oS50nn0 So 
é > -e ios) = 
tH I 


Crystal River 

Turkey Point - 

National Reactor Testing Station 
Quad-Cities 

Dresden and Argonne 

(Several) 

Peach Bottom and Three Mile Island_- 
Calvert Cliffs 


Big Rock Point 
Enrico Fermi 
Palisades 


ao on 
i 


He 


Fort Calhoun and Cooper 
Background 

Salem. wal 

Indian Point. 


| Nine Mile a. and R. E. Ginna 
| Background 


Wm. B. McGuire 


| Rainier and Hanford 


Savannah River Plant and Oconee-_---- 
H. B. Robinson 


_| Oak Ridge 


Los Alamos 


Shippingport _- 
Point Beach and Kewaunee 


Cuanmec 
He EE HE He 


LaCrosse and Prairie Island 





® The minimum detection limit for this sample was 0.2 nCi/liter. All values equal to or less than 0.2 nCi/liter have been reported as zero. For all 
other numbers, the minimum detection limit was 0.4 nCi/liter and all values equal to or less than 0.4 nCi/liter have been reported as zero. 


> Sample collected 3 days early. 


© This is the average of all concentration values as shown in the table. It should be noted that due to varying sensitivities of procedures between the 


three laboratories, two different minimum detectable concentrations are used. 


NS, no sample. 
Table 3. Tritium 


Location 


concentration in precipitation from RAN stations, October-December 1971 


Tritium concentration*® 
(nCi/liter +2¢) 





Octeber November 





Montgomery 

: Anchorage. 
Denver. _- 

ii: Honolulu 
New Orleans - -- 
Gastonia____- 
Austin _- 
Seattle 


He 
o 
to 


0.3+0.2 
0 


3+ .2 
0 


zooooozs 


77) 


® The minimum detection limit for these samples was 0.2 nCi/liter. All values equal to or less than 0.2 nCi/liter 


have been reported as zero. 
NS, no sample. 
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Other coverage in Radiation Data and Reports: 
Period Issue 


July—December 1970 May 1971 
January—March 1971 July 1971 
April—June 1971 November 1971 
July—September 1971 April 1972 
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SECTION IIf. AIR 


Radioactivity in Airborne Particulates 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveillance 
has been confined chiefly to gross beta radio- 
analysis. Although such data are insufficient to 
assess total human radiation exposure from 
fallout, they can be used to determine when to 
modify monitoring in other phases of the 
environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 


Network 


Fallout in the United States 
and other areas, HASL 

Plutonium in Airborne 
Particulates 

Surface Air Sampling Program 
80th Meridian Network, HASL 


May 1972 


January-December 1970 
July-September 1971 


January-December 1969 


AND DEPOSITION 


and Precipitation 


periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the U.S. Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, the Mexican Institute 
of Nuclear Energy, and the Pan American 
Health Organization. 


In addition to those programs presented in 


this issue, the following programs were previ- 
ously covered in Radiation Data and Reports. 


Period Issue 
December 1971 
April 1972 


February 1972 





1. Radiation Alert Network 
January 1972 


Division of Atmospheric Surveillance 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 70 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. They also per- 
form field estimates on dried precipitation sam- 
ples and report all results to appropriate En- 
vironmental Protection Agency officials by mail 
or telephone depending on levels found. A com- 
pilation of the daily field estimates is available 


upon request from the Air Quality Information 
Systems Branch, Division of Atmospheric Sur- 
veillance, EPA, Research Triangle Park, N.C. 
27711. A detailed description of the sampling 
and analytical procedures was presented in the 
March 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate technique, during January 
1972. 

The following five stations had high readings 
in January: Denver, Colo., 28 pCi/m*; Santa 
Fe, N. Mex., 21 pCi/m*; Austin, Tex., 27 
pCi/m*; Salt Lake City, Utah, 25 pCi/m’; and 
Cheyenne, Wyo., 32 pCi/m*. Cheyenne also re- 
ported 341 nCi/m? in deposition. Topeka, Kans., 
reported 93 nCi/m? in deposition. These ele- 
vated levels of radioactivity are attributed to 
the atmospheric nuclear test conducted by the 
Peoples Republic of China on January 7, 1972. 
All other field estimates reported were within 
normal limits for the reporting stations. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, January 1972 


Gross beta radioactivity 
} | (5-hour field estimate) 
(pCi/m') 
Number | Number Total Field estimation of deposition 
Station location of | _ pe a Pe! of depth 


samples | | samples (mm) 
| | 


Precipitation 





Number Depth 
-_ | rey 
| Maximum | Minimum | Average * of (mm) deposition 


samples | (nCi/m?) 








Montgomery 
Alaska: Anchorage 

Attu Island _ - 

Fairbanks 


8 145 15 


wo 


cow oooooon 


Phoenix 
Little Rock _- 
Berkeley 
Los Angeles 
Ancon 
Denver 
Hartford 
Dover 
Washington 
Jacksonville 
Miami 


oso. cocooor 
ocoowonw 


=p 
HMAcowerooceoo coocooooon 


Atlanta 
Agana 
Honolulu__ - 
oise - ae 
Springfield _ __ 
Indianapolis- 
Iowa City _ - 
Topeka 
Frankfort 
New Orleans - 


Corr Wor nw 
-“-coOorr oO we om 


_ 


Augusta __ 
Baltimore. 

T »wrence__ 
Winchester 
Lansing - _ - - 
Minneapolis 
Jackson ___- 
Jefferson City - 
Helena 
Lincoin 

Las Vegas 


eccooooeocooooo oc soooooo - 
~ 


NOR NASHNNre 
Cee reooooooo °o 


Concord 
Trenten_____- 
Senta Fe--__-_- 
ae 
7 2 
New York City 
Gastonia . 
Bismarck - 
Cincinnati 
Columbus 
Painesville___ - 


eX Nee 
cooo 
co on COONS 


as 


Oklahoma City --- 
Ponca City 
Portland 
Harrisburg 

San Juan_--- 
Providence 
Columbia - - 

Pierre _ 


=e oj 
cooerso woooamoooonoe CHEN THOOUAD OHOOWROOANMSCS 


N 
COOH 
cocoo coooo coo of 
“Se O corr 


tw 
tt et 000 


Barre. ...... 
Richmond - - - - 
Seattle. _...__- 
Spokane._....__- 
Charleston... 
Madison__.-.---- 
Cheyenne. 


= = 
HK eONonanwounore COM 


wNorocooconeF 


Network summary 


o | coocooceoocorrT 





- 
— 
@o 
oo 


® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
» This station is part of the tritium surveillance system. No gross beta measurements are done. 
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2. Canadian Air and Precipitation Monitoring Surface air and precipitation data for Jan- 
Program,’ January 1972 uary 1972 are presented in table 2. 


Radiation Protection Division Table 2. Canadian gross beta radioactivity in surface 
Department of National Health and Welfare CS Ser sre 


| 2 surveillance gross | Precipitation 
ae Yin | measurements 
The Radiation Protection Division of the iil | 
Canadian Department of National Health and | oe oon 
Welfare monitors surface air and precipitation | m | Average pel | incl? 
in connection with its Radioactive Fallout Study | Sr) | = 
Program. Twenty-four collection stations are Gaigary. 
located at airports (figure 2), where the {oral Harbour 
sampling equipment is operated by personnel 
from the Meteorological Services Branch of the 
Department of Transport. Detailed discussions 
of the sampling procedures, methods of analy- adil 
sis, and interpretation of results of the radio-  Mocsonee 
active fallout program are contained in reports °° 
of the Department of National Health and Wel- _—Regina 
fare (1-5). —— 
A summary of the sampling procedures and _gautt ste. Marie 
methods of analysis was presented in the May _— Thunder Bay 
1969 issue of Radiological Health Data and 
Reports. no area 
o Yellowlesite 





Sooo Sooo Soo 


oooo 


1 Prepared from information and data obtained from Network summary -..| 
the Canadian Department of National Health and Wel- ——— —_—. 


fare, Ottawa, Canada. NS, no sample. 
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Figure 2. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 
January 1972 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 3. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
Health Data and Reports. The January 1972 air 
monitoring results from the participating 
countries are given in table 3. 
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Figure 3. Pan American Air Sampling Program stations 
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Table 3. Summary of gross beta radioactivity in 
Pan American surface air, January 1972 


Station location 


Mini- | 
mum 





Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


Guyana: 
Jamaica: 
Peru: 
Venezuela: 





0.41 0.00 0.07 


® The monthly average is calculated by weighting the individual 
samples with length of sampling period. Values less than 0.005 pCi/m# 
are reported and used in averaging as 0.00 pCi/m‘*. 





4. California Air Sampling Program 
January 1972 


Bureau of Radiological Health 
California State Department of Public Health 


The Bureau of Radiological Health of the 
California State Department of Public Health 
with the assistance of several cooperating agen- 
cies and organizations operates a surveillance 
system for determining radioactivity in air- 
borne particulates. The air sampling locations 
are shown in figure 4. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Public Health where they are analyzed for 
their radioactive content. 

Airborne particles are collected by a contin- 
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Figure 4. California air sampling program stations 


uous sampling of air filtered through a 47 milli- Table 4. Gross beta radioactivity in California air 
meter membrane filter, 0.8 micron pore size, : — _— 
using a Gast air pump of about 2 cubic feet per | Gross beta radioactivity 
minute capacity, or 81.5 cubic meters per day. f ee 
Air volumes are measured with a direct reading 
gas meter. Filters are replaced every 24 hours 
except on holidays and weekends. The filters 
are analyzed for gross alpha and beta radio- 
activity. Analyses are normally made 72 hours 
after the end of the collection period. The daily _Los Angeles_---- 
° ° Redding 
samples are then composited into a monthly 
sample. A gamma scan and an analysis for 
strontium-89 and strontium-90 are made. Table 
4 presents the monthly gross beta radioactivity 
in air for the month of January 1972. 
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5. Mexican Air Monitoring Program 
February—December 1971 


Instituto Nacional de Energia Nuclear 
México, D.F. 


Until December 1971, the Radiation Surveil- 
lance Network of Mexico was operated by the 
Comisién Nacional de Energia Nuclear 
(CNEN). In December 1971, the CNEN be- 
came the Instituto Nacional de Energia Nuclear 
(INEN), as a result of a new law passed by 
Congress. 

In the Instituto Nacional de Energia Nuclear, 
the Comite de Seguridad Radiologica (Radio- 
logical Security Committee) (CSR) is responsi- 
ble for radiological protection. The Environ- 
mental Radioactivity Section (Seccion de Radio- 


actividad Ambiental) of the CSR is in charge 
of monitoring and measuring environmental 
radioactive contamination in general, including 
radiation in mines, uranium milling plants and 
the Nuclear Center of Mexico. 

Since radioactivity in air particulates has de- 
creased to very low levels in the past few years, 
the objective of the air monitoring program has 
been changed from an alert type of network to 
emphasize dose assessment. 

Measurements will continue in the following 
6 areas: México, D.F.; Chihuahua; Ensenada; 
Torre6n; Veracruz; and Mérida, (figure 5). 
The sampling and analysis procedures were de- 
scribed previously (6). 

The maximum, minimum, and average beta 
radioactivity in surface air from February 
1971 through December 1971 are presented in 
table 5. Statistically it has been found that a 
minimum of five samples per month was needed 
to get a reliable average radioactivity at each 
station (7). 


Table 5. Mexican gross beta radioactivity of airb orne particulates, February through December 1971 


Station 


Gross beta radioactivity 
(pCi/m') 





Chihuahua: 
Maximum ---.- 
Minimum 
Average 


Ensenada: 
Maximum -- 
Minimum 
Average 


Merida: 
Maximum 
Minimum --- --- --- - 
ale destiny ee igs chie 


Mexico, D.F: 
Maximum --- 
Minimum — 
Sy ee 


Torreon: 
Maximum . ~ 
Minimum -- - - 
Average_. 


Veracruz: 
Maximum 
Minimum . 
Average 


* Average not calculated for less than 5 samples. 
NS, no sample. 
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Figure 5. Mexican air sampling locations 
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Air Surveillance Network, December 1971 and January 1972 


Western Environmental Research Laboratory 
Environmental Protection Agency 


The Air Surveillance Network (ASN), op- 
erated by the Western Environmental Research 
Laboratory (WERL), Las Vegas, Nev, consists 
of 104 active and 18 standby sampling stations 
located in 21 western States (figures 1 and 2). 
The network is operated in support of nuclear 
testing conducted by the Atomic Energy Com- 
mission (AEC) at the Nevada Test Site (NTS), 


at the Nuclear Rocket Development Station 
which lies adjacent to the NTS, and at any 
other western testing sites designated by the 
AEC.? 
The stations are operated by State health de- 
partment personnel and by private individuals 
1The ASN is operated under a Memorandum of 


Understanding (No. AT(26—1)—539) with the Nevada 
Operations Office, U.S. Atomic Energy Commission. 
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Figure 1. WERL Air Surveillance Network stations in Nevada 
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Figure 2. WERL Air Surveillance Network stations outside Nevada 


on a contract basis. All samples are mailed to 
the WERL unless special retrieval is arranged 
at selected locations in support of known re- 
leases of radioactivity from the NTS. A com- 
plete description of sampling and analytical 
procedures was presented in the February 
1972 issue of Radiation Data and Reports. 


No radionuclides were identified by gamma 
spectrometry on any filters collected during 
December. No radioactivity was identified on 
any of the charcoal cartridges. 

Table 2 presents the monthly average gross 
beta concentrations in air for each of the net- 
work stations for January 1972. The highest 
gross beta concentration within the network 
was 91 pCi/m* at Rock Springs, Wyo. The min- 
imum reporting concentration for gross beta 
radioactivity is 0.1 pCi/m*. Averages are cal- 
culated in the same manner as described for 
table 1. 

From gamma spectrometry results, fission 
products in varying combinations of barium- 
140, tellurium-132, iodine-131, ruthenium-103, 
and zirconium-95 were identified on samples 
collected in Arizona, California, Colorado, 
Idaho, Iowa, Kansas, Louisiana, Minnesota, 
Missouri, Montana, Nebraska, Nevada, New 
Mexico, Oklahoma, Oregon, Texas, Utah, Wash- 


Results 


Table 1 presents the monthly average gross 
beta radioactivity in air particulates during 
December 1971. The minimum reporting con- 
centration for gross beta radioactivity is 0.1 
pCi/m*. For averaging purposes individual 
concentrations which are below the minimum 
detectable concentration (0.06-0.07 pCi/m*) 
are assumed to be equal to the minimum de- 
tectable concentration. Averages less than the 
minimum reportable level (0.1 pCi/m*) are re- 
ported as <0.1 pCi/m‘*. 
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Table 1. Summary of gross beta radioactivity concentrations in air 
December 1971 


Concentration 
(pCi/m!) 


| Maximum Minimum Average* 
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Winslow re 
Little Rock - 
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Death Valley Junction 
Furnace Creek 
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Lone Pine 

Needles = 
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AAAAA AAAAS 
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Idaho Falls_ 
Preston 

Twin Falls_- 
Iowa City 
Sioux City _- 
Dodge City 


Monroe 
New Orleans - 
Minneapolis - - 








Battle Mountain 
Beatty 


e Ja ay 
Caliente . 
Currant Ranch 


Fallin’ s Twin Springs Ranch____| 
Fallon___- 
Frenchman Station -__ - bel 
Geyser Maintenance Station ___- 
Goldfield “ain 
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Indian Springs_- 
Las Vegas 
Lathrop Wells 
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Lovelock _ 
Lun ; 
Mesquite . - 


Scotty’ 8 Junction 
Stone Cabin Ranch 
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Tonopah - 

Tonopah Test Range. 
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Winnemucca - -- 
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Fort Worth 


1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
ol 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 


to ho bo ge ime bo bo bo bo 9 BO 2 BO BO BD Go ND SOND ND BD Hs Go 00 de CO 60 GO BOBS CORD BOD CO BD COND ND 69 01 C9 69 09.00 BD COBO CORD OT ID COND BOND ION IIN G21O + OVO BO CO OO CO CO COI 
© oa tan bun cup tus pub pat pubsub pub put om pub ps pu ub pu ph pb pp ph Sh a fl Pua Pa a bt hs a bs ah Ds a a Ds BPs Oh Ps it a Ds a OO OO OP i i Oh a ih Ds Oa Osh Oh Ps 


AAA A AAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAA, AAAAAN, AAAA 


See footnotes at end of table. 
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Table 1. Summary of gross beta radioactivity concentrations in air 
December 1971—continued 


Concentration 
. (pCi/m*) 
Location —— = . 


| Maximum | Minimum Average* 





Enterprise 
Garrison 





Roosevelt - - 
Selt Lame City.........«. ida 
St. George 
Wendover 

Wash: Seattle _ _- 
Spokane 

Wyo: Rock Springs 
Worland 


Dh ROO WONNNONSOENNNN 
ee et et et et et et tet et et et pet pet et pet pet pet pet 


AAAAAAAAAAAAAA AANAA 


* Individual values less than the minimum detectable concentration (MDC) are set equal to 


the MDC for averaging. A monthly average less than the minimum reportable value of 0.1 pCi/m! 
is reported as <0.1. 


Table 2. Summary of gross beta radioaciivity concentrations in air 
January 1972 


Concentration 


(pCi/m*) 
Location 


Maximum Minimum Average* 


. | 
Ariz: : 





Ridgecrest ; 
Shoshone 


NoSocowoSomooDmHwoome 


Idaho Falls__- 
Preston........ 
Twin Falls 

Iowa City____ 
Sioux City. ___- 
Dodge City - - __- 
Lake Charles__- 


New Orleans - - -- 
Minneapolis-__- 
Joplin 

St Joseph 


Blue Jay 
Caliente 
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See footnotes at end of table. 
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Table 2. 


Location 


Currie 
Diablo 
Duckwater 
Elk 


Geyser Maintenance Station - - _| 
Goldfield 
Groom Lake - - 
iko eek 
Indian Springs - 


Scotty’s Junction 
Stone Cabin Ranch 
Sunnyside 

...s- /- *'eseeree 
Tonopah Test Range 
Warm Springs Ranch 
I iri dilcneimeeih 
Winnemucca - --_-- 
Albuquerque 
Carlsbad 


Rapid City 
Abilene 
Amarillo 
Austin 

Fort Worth 
Bryce Canyon 
Cedar City 


Enterprise _ - 
Garrison 
Logan -_- 
Milford ‘ 
Monticello 


Roosevelt _- 
Salt Lake City 
St. George - 
Wendover 


Wyo: Rock Springs 
Worland 


® Individual values less than the minimum detectable concentration (MDC) are set equal to 


the MDC for averaging. A monthly average less than the minimum reportable value of 0.1 pCi/m* 
is reported as <0.1. 


ington, and Wyoming. The highest concentra- 
tions of these radionuclides, respectively, were 
6.0 pCi/m* (Pueblo), 9.6 pCi/m* (Salt Lake 
City), 8.1 pCi/m* (Pueblo), 2.3 pCi/m* 
(Pueblo), and 1.7 pCi/m*® (Pueblo). These 
radionuclides are attributed to a non-U.S. 
nuclear test conducted on January 7, 1972. 
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Summary of gross beta radioactivity concentrations in air 
January 1972—continued 


Concentration 
(pCi/m!*) 





Maximum Minimum Average®* 
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Complete summaries of the daily station re- 
sults are distributed to EPA regional offices 
and State agencies. Copies of the daily gross 
beta results and gamma spectrometry results 
may be obtained from the WERL upon written 
request. 





SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


Offsite Surveillance Around the Nevada 


January-June 1967 ° 


Western Environmental Research Laboratory,’ 
EPA, and Nevada Operations Office, AEC 


During January through June 1967, 16 
announced underground nuclear tests were 
conducted by the U.S. Atomic Energy Com- 
mission (AEC) at the Nevada Test Site (NTS) 
as a part of Operation Latchkey. In addition, 
four Experimental Plans of the Phoebus 1B 
reactor test series were conducted at the Nu- 
clear Rocket Development Station (NRDS). 
The Public Health Service (PHS) carried out 
a program of radiological surveillance of the 
areas offsite for the Operational Safety Divi- 
sion of the AEC Nevada Operations Office 
(AEC/NVOO) under a Memorandum of Under- 
standing between the AEC and the PHS. 

The Southwestern Radiological Health Lab- 
oratory (SWRHL) conducted the program of 
radiological monitoring and environmental 
sampling in the offsite areas surrounding the 
restricted area enclosed within the NTS and 
the Nellis Air Force Range. This overall com- 
plex of the NTS and the Nellis Air Force Range 
includes the NRDS and the Tonopah Test 
Range (TTR) and for simplicity will be called 
the test range complex throughout this report. 
Although routine sampling and monitoring was 
done within a 300-mile radius around the test 
range complex, surveillance was extended as 
necessary to provide additional coverage. 


1 This article is a summary of report No. SWRHL- 
47r, “Off-Site Surveillance Activities of the South- 
western Radiological Health Laboratory from January 
June 1967.” 

2 Formerly the Southwestern Radiological Health 
Laboratory of the U.S Department of Health, Educa- 
tion, and Welfare, Public Health Service, Bureau of 
Radiological Health. 
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from human bone sampling, Alaskan surveil- 
lance, and environmental monitoring around 
nuclear facilities. 


Test Site 


Operational procedures 


Ground monitoring Before each event, mobile 
monitoring teams are deployed in the offsite 
area to locations most likely to be affected by a 
release of radioactive material. If a release oc- 
curs, the teams conduct a ground monitoring 
program directed by two-way radio and tele- 
phone communications from Control Point 
headquarters. Ground monitoring continues un- 
til radioactivity becomes too low to necessitate 
further monitoring. 

Each monitor is equipped with an Eberline 
E-500B Radiation Monitor, a Baird-Atomic 
Model 904148 Scintillator, and a Victoreen Ra- 
dector, Model No. AGB-50B-Sr. The Eberline 
E-500B has a range of 0 to 200 mR/h gamma 
or beta-gamma detection in four scales with 
an external halogen quenched GM tube and a 
0 to 2,000 mR/h range, gamma only, from an 
internal Anton 302 tube. The Radector has a 
range of 0.05 to 50,000 mR/h on two scales. 
This instrument employs an inert gas ioniza- 
tion chamber. The Baird-Atomic Model 904148 
scintillator has a range of 0 to 3 mR/h in three 
scales and has an internally mounted Nal (T1) 
crystal. This instrument is used primarily for 
low level gamma detection. Errors associated 
with these instruments are of the order of +20 
percent when calibrated with a cesium-137 
source. 

Exposure rate recorders To supplement the 
ground monitoring program, Eberline RM-11 
Exposure Rate Recorders are utilized at fixed 
locations to document cloud passage, thereby 
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allowing mobile monitoring teams to continue 
following any release of radioactivity as it 
moves through offsite areas. These recorders 
have a Geiger tube detector and operate on 
110V ac. They have a 0.01 to 100 mR/h range 
and are accurate to +20 percent. Gamma expo- 
sure rate is recorded on a 30-hour strip chart. 


Aerial cloud tracking and sampling A PHS 
aerial monitoring team was available for each 
experiment. In the event of a release of radio- 
activity, this team, equipped with instruments 
identical to those used by ground monitors, 
tracked the effluent. Normally an Air Force 
U3-A aircraft is used in this tracking mission. 


Aerial cloud tracking by this team is used 
primarily to measure relative radiation intensi- 
ties and to indicate cloud position, speed and 
direction. This information is used to position 
ground monitors. PHS Turbo-Beech aircraft 
are specially equipped to perform cloud meas- 
urements and collect a variety of samples. The 
data and samples are used to determine average 
cloud concentrations and cloud inventories of 
gross radioactivity and specific radionuclides. 
Samples are collect: for analysis of particu- 
lates, reactive gas, inert gas, water, and CO.. 
Samples are also collected to determine size- 
activity relations of the particulate activity. 
Air sampling During this 6-month period, the 
SWRHL Air Surveillance Network (ASN) was 
comprised of 105 stations operating in every 
State west of the Mississippi except Montana 
and North Dakota. The air sampler used in the 
ASN was a Gelman “Tempest.” 

The “Tempest” consists of a Gast Model 1550 
vacuum pump driven by a General Electric 14 
horsepower motor. The pump runs at 1,440 rpm 
with an average flow rate of approximately 10 
cfm. The sampler is equipped to use a 4-inch 
diameter Whatman 541 filter paper and an 
MSA type BM2306 charcoal cartridge. The 
total volume of air sampled is calculated from 
the total sampling time and an average of vac- 
uum readings taken at the beginning and the 
end of the sampling period. 


Milk and water sampling The previously estab- 
lished milk sampling program was continued 
throughout the 6-month period. About 20 
sources, consisting of commercial dairies and 
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private producers were routinely sampled dur- 
ing this period, generally on a monthly basis. 
A total of 144 samples was collected from these 
locations. In the event of a release of radioac- 
tive material, sampling was intensified. 

Water samples were collected on a routine 
basis, unless circumstances dictated special 
source sampling. Both potable and nonpotable 
water supplies were sampled. During this pe- 
riod, 374 water samples were collected from 
74 sources. Many of these sources were sampled 
on a monthly basis. 


Vegetation sampling Normally, vegetation 
samples were collected only in the event of a 
release of radioactive material. The analytical 
results of these samples were used to delineate 
the fallout pattern. 


Film badges Approximately 164 residents in 
the offsite area were issued film badges during 
this period. These film badges were changed 
each month and were processed by the Radio- 
logical Sciences Department, Reynolds Electri- 
cal and Engineering Company, Inc. Approxi- 
mately 90 film badge stations were used to pro- 
vide more complete coverage. Each station held 
five film badges and 70 stations were each 
equipped with three EG&G Model TL-12 ther- 
moluminescent dosimeters (TLD). 

The film badge used is made of DuPont type 
555 film. Exposure, as determined from this 
film, is accurate to +50 percent in the 30 to 
100 mR range and +10 percent in the 100 to 
2,000 mR range. The TLD’s have a low energy 
response cutoff at 50 keV and are not energy- 
dependent in the range from 50 keV to several 
MeV. According to past TLD data, a reading of 
10 mR above the previous month’s background 
constitutes a detectable exposure. 

Community relations Frequent contacts with 
the offsite population, schools and civic groups 
provided the opportunity to explain the role 
of the PHS with respect to the programs of 
the AEC. As a result of favorable community 
relations, a number of offsite residents took 
part in the environmental sampling program; 
all routine air sampling stations except Las 
Vegas were operated by local citizens, and many 
persons volunteered to wear film badges. 

Medical and veterinarian services A PHS med- 
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ical officer was available in the event any cases 
of a medical nature arose as a result of the 
test series. No such cases were reported from 
any source. Veterinarian services were also 
provided. PHS veterinarians maintained liaison 
with livestock producers in the area, and the 
program of wildlife and cattle investigation 
was continued. 


Analytical procedures 


All environmental samples collected by the 
PHS were returned to the SWRHL in Las 
Vegas for radiological analyses. Air sampler 
prefilters were counted for gross beta activity 
in a Beckman “Wide Beta” low background (6 
+1 epm beta) proportional system which has 
an efficiency of approximately 45 percent for 
0.54 MeV betas. After an initial count, if no 
significant activity was detected, the prefilters 
were counted at 5 and 12 days after collection. 
In all other cases, prefilters were recounted a 
minimum of three times in the first 48 hours 
following collection. The computational proce- 
dure employed depends upon the assumption 
that a decay constant can be determined for 
each individual sample and that this constant 
can then be used to extrapolate the activity to 
the end of the collection period. 

Selected prefilters and all charcoal cartridges 
were analyzed for gamma-emitting radionu- 
clides by placing them directly on a 4- by 4- 
inch Nal(T1) crystal coupled to a TMC Model 
404C gamma pulse height analyzer viewing 
energies from 0 to 2 MeV. 

The detection capability of the system as 
shown in table 1 is an empirical estimate ob- 
tained from previous data collected under the 
following conditions. 


Count time in days after fissioning as 
indicated by footnotes. 

Prefilters collect unfractionated fission 
products resulting in a complex spectrum. 
MSA charcoal collects gaseous fission 
products only (primarily iodines). 
Analysis is performed using an eight nu- 
clide matrix. If other nuclides are present 
in the sample, their relative proportion 
is small compared to those eight. 

5. Natural activity on air samples is approx- 

imately five times system background. 

Although the minimum detectable levels for 
water samples involve the limitations listed in 
(4) above, the situation is usually simplified 
by having no background other than that of 
the system. For a sample containing all of the 
isotopes of iodine, the error term on threshold 
values at the 95 percent confidence level is ap- 
proximately +50 percent. 

Biological discrimination will limit the num- 
ber of nuclides present in a milk sample to 
relatively few. Under normal sampling proce- 
dures, the short physical half-life will tend to 
eliminate iodine-132 and iodine-135 from the 
sample by the time it is counted. At the 95 per- 
cent confidence level, reported values for a 40- 
minute count for milk are +10 pCi/liter or 10 
percent at the time of count, whichever is 
greater. 

After any release of activity from the NTS, 
milk samples are collected from dairies (proc- 
essing plants), producing dairy farms, and 
farms producing milk for their own consump- 
tion. Each sample is counted for 40 minutes. 
No attempt is made to recount samples having 
low positive values. The lower limit of detec- 
tion for gamma emitters in milk samples is 20 


Table 1. Threshold detectability at time of count of sevaral radionuclides 
in various samples (95-percent confidence level) 


| 


Sample type Length of count 


Radioactivity concentration 
(pCi) 


Iodine-131 


Whatman No. 541 filter__ 


®10 minutes 
610 minutes 


MSA charcoal! cartridge *10 minutes 
610 minutes 
« Counted at less than 3 days after formation. 
b Counted at 3 days or more after formation. 
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Tellurium- 
iodine-132 


Iodine-133 Todine-135 Barium- 


lanthanum-140 
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pCi/liter at the time of count, and all results 
below that value are reported as <20 pCi/liter. 

All liquid samples are counted in a 3.5-liter 
inverted well aluminum beakers which are 
placed on top of a 4- by 4-inch NaI(T1) crystal 
coupled to a 400-channel gamma pulse height 
analyzer. Overall detection efficiency for the 
0.364-MeV photopeak of iodine-131 is 6.4 per- 
cent. A matrix technique is employed to com- 
pute the interference due to the presence of 
other radionuclides. The input to this matrix 
is variable, allowing for the simultaneous de- 
termination of any eight radionuclides for 
which detection efficiencies and interference 
factors have been obtained. Actual computation 
is performed by an IBM 1620 computer. 

After gamma analysis of milk samples was 
completed, certain samples were analyzed for 
strontium-89 and strontium-90. After addition 
of strontium carrier, milk proteins are removed 
by ion exchange. Following several purification 
steps, the purified strontium is stored for at 
least one week to alow for ingrowth of yttrium- 
90. Strontium and yttrium are separated by ni- 
tric acid precipitation and both fractions are 
counted in a low-background beta counter. The 
strontium-89 activity is the calculated differ- 
ence between the total strontium activity and 
the strontium-90 (as yttrium-90 activity). 

Water samples are analyzed for gross beta 
activity by slowly evaporating an aliquot to 
dryness in a 2-inch diameter stainless-steel 
planchet and counting the beta activity in a 
low background counter. 


Results 


Underground tests Two of the 16 announced 
underground nuclear tests resulted in releases 
of radioactive material which were detected in 
offsite populated areas. These were the Nash 
Event, conducted on January 19 and the Umber 


Event conducted on June 29. 


Nash Event 


Ground surveillance 


The Nash Event was conducted at the NTS 
on January 19 at 0845 hours Pst. Leaking oc- 
curred 11 hours after detonation and con- 
tinued until 1200 hours Pst on January 20. 
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Winds on shot day and for at least 48 hours 
following detonation were light and variable 
near the surface, with a strong inversion at 
approximately 1,000 feet altitude; hence, ver- 
tical mixing was slow. Because of these condi- 
tions, the effluent moved both southwest and 
northeast but, by the time the cloud had trav- 
eled to the offsite areas, very little radiation 
could be detected. 

No radiation intensities above background 
were measured north or east of the NTS by any 
of the 17 ground monitors stationed at strategic 
points around the test range complex. However, 
from 0535 hours to 0930 hours on January 20, 
external gamma values above background were 
measured on U.S. Highway 95 from 20 miles 
west of the Mercury turnoff to 14 miles north- 
west of Lathrop Wells. The highest exposure 
rate measured was 0.14 mR/h above back- 
ground. This measurement was made on High- 
way 95, 21 miles west of the Mercury turnoff 
at 0556 hours and again at 0604 hours Pst on 
January 20. Only one exposure rate recorder 
indicated activity above background. At Diablo 
Maintenance Station, 0.01 mR/h, above back- 
ground was recorded over a 6-hour period be- 
ginning at 0930 hours on January 20. No film 
badges or TLD’s collected since the test have 
indicated exposures resulting from the Nash 
Event. 

Although radioiodines were found in offsite 
air sampler filter media, as shown in table 2, a 
negligible amount was contributed by the Nash 
Event. Comparison of radioiodine levels meas- 
ured before and after the Nash Event showed 
that these levels resulted from a Chinese atmos- 
pheric nuclear test conducted on December 27, 
1966. It can be seen from table 2 that some of 
the highest gross beta results came from filters 
collected before the venting. Since these results 
were from the Chinese test, these filters were 
not gamma scanned. This Chinese test can 
probably also be cited as the source of the low 
amounts of radionuclides detected in the four 
milk samples collected following the Nash event, 
as shown in table 3, and for the radioiodines 
found in the 21 vegetation samples, as shown 
in table 4. 


Aerial surveillance 
A PHS Turbo-Beech performed aerial sur- 
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Location Date and 


time on 





Clarks Station --- --- 


Diablo 


Tonopah 


Warm Springs 


Warm Springs Ranch-------..---- 


Date and 
time off 


Table 2. Air sampling results, Nash Event 


| 
Gross beta 
radio- 
activity 
(pCi/m!) 


Volume Collector* Iodine-131 


(pCi/m*) 
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Cc 
4 
P 
Cc 
Cc 
4 
P 
Cc 
P 
Cc 





* P, Whatman 541 prefilter C, MSA charcoal cartridge. 


NA, no analysis. 
ND, nondetectable. 


veillance in the offsite area from 1150 to 1245 
hours on January 20. Cloud activity was de- 
tected at 1157 hours 3 miles east of Lathrop 
Wells, at 5,000 feet mean sea level (msl) and 
sampling was commenced at that time. The 
cloud continued west to the Big Dune. On the 
return leg towards Lathrop Wells, altitude was 
changed several times to find the cloud top, 
which was determined to be 5,100 feet msl. 
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Cloud tracking and sampling was continued at 
4,500 feet msl along the path shown in figure 
1. Continuous activity was found from Lathrop 
Wells to the dry lake and to Desert Rock at 
the Mercury turnoff on Highway 95; then from 
5 miles south of the Mercury turnoff to the 
west side of the dry lake and again near the 
California border at 1233 hours. On the north- 
bound leg at 1241 hours the southern edge was 
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Table 3. Milk results, Nash Event 


located 5 miles south of Johnnie, Nev. From 
AEE these measurements an approximate outline of 

oe Ie | (pCi liter) that portion of the cloud south of Highway 95 
evada “aun prt was determined as shown in figure 1. Using a 

| tium-90 | tium-89 cloud thickness of 2,000 feet, a volume of 6.8 


PERT CON | ae 10"' cubic meters was determined for this por- 
athrop Wells | ° 
(Martinson Ranch).....| 1/19/67 PM .! tion of the cloud. 
1/20/67 ° es . 
| 72i/e7AM | ND | 6.1 | 8. Particulate activity collected on the filter of 


the mass air sampler was too low to quantitate 
NA, no analysis. /. by nuclide. The activated charcoal bed behind 
ND, not detectable. . P ° 
the filter contained iodine-131. The results are 
shown in table 5. Aerial samples collected in 
é __ the vicinity of ground zero showed that the re- 
Gian ans | Sassiien, lease consisted primarily of inert gases (kryp- 


pia aoe ton-85m, krypton-88, and xenon-135). No inert 
ee 5.5 mil h f Lath We Nev. ° 
Aenea A, SO...) EE aes at tae Ge ee gas samples were collected off the test site. 


| 9 miles southeast of Lathrop Wells, Nev. 
| 9 miles southeast of Lathrop Wells, Nev. 
3 miles southeast of Lathrop Wells, Nev. 
| 3 miles southeast of Lathrop Wells, Nev. 
| Martinson Ranch, Lathrop Wells, Nev. 
Beatty, Nev. 
Beatty, Nev. 
5 miles south of Beatty, Nev. 
5 miles south of Pwo Nev. 
| 15 miles south of Beatty, Nev. ‘ ° 
| 15 miles south of Beatty, Nev. Table 5. Aerial sampling results, Nash Event 
20 miles south of Beatty, Nev. 
20 miles south of Beatty, Nev. 








Table 4. Vegetation samples which showed the presence 
of fresh fission products, Nash Event 





Average Total radioac- 
January 21, 1967____| Coyote Summit, Nev. Radioactivity concentration | tivity in cloud 
Hancock Summit, Nev. (pCi/m*) | (Ci) off NTS at 

Queen City Summit, Nev. 1200 hours 





January 20, 1967____| Death Valley Junction, Calif. 
Furnace Creek, Calif. 


Iodine-131 (on charcoal) 
Shoshone, Calif. 


Gross beta particulate 








1206 
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Figure 1. Cloud outline time and flight path for the Nash Event 


May 1972 











Ground Zero 


Control Point 


Lathrop Wells 


Indian Springs 


Las Vegas 


Positive aerial contact 


A 


LEGEND 
seeses Positive readings 
Roads monitored 








Figure 2. Positive aerial contact and ground monitoring 
for the Umber Event 


Umber Event 


Ground surveillance 


The Umber Event was an underground nu- 
clear experiment conducted at 0425 hours Pdt 
on June 29, 1967, at the NTS. Primarily gase- 
ous radioactive material was released and was 
detected in the offsite areas almost due south 
of surface zero as shown in figure 2. 

Measurements made by ground monitors at 
the junction of Highway 95 and State Road 16 
increased from 0.5 mR/h above background at 
0655 hours Pdt to 0.7 mR/h at 0700 hours, and 
by 0800 hours dropped to 0.03 mR/h. Ground 
monitors at Death Valley Junction and Sho- 
shone, Calif., measured 0.01 to 0.03 mR/h above 
background and exposure rate recorders at the 
same location showed integrated exposures of 
about 0.06 mR. This was estimated by manu- 
ally integrating the area under the trace of 
exposure rate versus time on the recorder chart. 
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No fresh fission products were detected in milk, 
water, or vegetation samples. 


Aerial surveillance 


A PHS Turbo-Beech first made contact with 
the trailing edge of the cloud at 0805 hours, 13 
miles northwest of Death Valley Junction, 
Calif., at 5,700 feet msl. A spiral descent 12 
miles northwest of Death Valley Junction 
showed gamma activity between 6,300 feet and 
5,700 feet msl, with the maximum activity at 
6,000 feet. Therefore, the remainder of the 
mission was flown at that altitude. The peak 
exposure rate of the mission was 0.03 mR/h at 
0830, 4 miles north of Death Valley Junction. 
The leading edge was located 25 miles south of 
Shoshone, Calif., at 0951 hours. At 1006 hours 
the east edge was found to be 4 miles west of 
Tecopa, Calif. A spiral descent was made 5 
miles west of Tecopa at 1017 hours. The cloud 
top was at 7,500 feet msl and the bottom was 





Furnace Creek 


Shoshone 


LEGEND 
@ @ @ Approximate cloud outline 


S888 Flight paths with 
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Figure 3. Aerial surveillance results, Umber Event 
June 29, 1967 
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at ground level, 2,000 feet msl. Maximum ac- 
tivity was located at 4,000 feet msl. Figure 3 
shows the flight paths along which positive 
cloud contact was maintained, and the approxi- 
mate cloud outline. The cloud volume was calcu- 
lated to be 1.210'* cubic meters. 

A mass air sample was collected during the 
mission. No activity above background was 
found on the filter or charcoal bed. A gas sam- 
ple was collected at 0840 hours. The results of 
inert gas analysis are presented in table 6. The 
cloud total in table 6 is not necessarily the 
product of concentration and cloud volume be- 
cause the computations are performed with 
figures containing a greater number of signifi- 
cant digits and are rounded off for reporting 
purposes. 


Table 6. Aerial sample results, Umber Event * 


Total 


Radionuclide radioactivity 


Concentration 
(pCi/m*) 


Krypton-85m 3,500 
Krypton-87 ai 350 
Krypton-88 ; 9,500 
Xenon-135-__.__- 2,800 


® Time of collection—0840 hours, 6/29/67. 


Reactor experiments 


Phoebus IB 


The Phoebus 1B reactor test series consisted 
of three calibration operations and a full power 
run. Table 7 lists the operating times and inte- 
gral power of each of the experiments, all con- 
ducted at Test Cell C, NRDS. 


Table 7. Phoebus 1B test series data 


Approximate Radiation 


Experiment Date power detectable 


(1967) 


é 2-3 saves 
Feb 10 (1311 Pst) - ; 
Feb 23 (1400-1430 Pst) _ - 


EP-111 test, February 10, 1967 


Ground surveillance 


Effluent from the EP-III test was detected 
offsite by ground monitors, aerial monitors, and 
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air and vegetation sampling. Although no fresh 
fission products were detected on the vegeta- 
tion samples, barely detectable levels of iodine- 
131 on vegetation had been noted about a month 
before this reactor operation. The source of 
this iodine is presumed to be from foreign at- 
mospheric nuclear testing. The prefilter taken 
from a portable air sampler located at Ash 
Meadows turnoff on Highway 95 showed 28 
pCi/m* of barium-139 which, because of its 
short half-life, is assumed to have been the re- 
sult of EP-III effluent. 

The only measurement of radioactivity above 
background was made by ground monitors at 
the junction of Highway 95 and State Road 16 
(Ash Meadows turnoff). This reading was only 
slightly above background and dropped to back- 
ground levels within 30 minutes. No fresh fis- 


sion products were detected in milk or water 
samples. 


Aerial surveillance 


A spiral descent by the PHS aircraft of 
NRDS located the cloud top at 12,300 feet msl, 
the cloud bottom at 5,800 feet and the altitude 


of maximum activity at 8,500 feet. A sampling 
path was established at 8,500 feet along High- 
way 95. Cloud arrival on this path at the Ash 
Meadows turnoff, 155° at 20.2 miles from Test 
Cell C, at 1345 hours established the wind speed 
as 35 mph. The cloud hotline was on a bearing 
of 160° from the test cell. The peak dose rate 
was 0.04 mR/h at 1356 hours. The maximum 
width was 9.9 miles at 1350 hours. Figure 4 
presents the plan view of the cloud as it crossed 
Highway 95, normalized to 1410 hours. Cloud 
volume was 6.2 « 10": cubic meters. 

A subsequent axial pass located the trailing 
edge, 8 miles northwest of Pahrump, Nev. at 
1450, with the leading edge 20 miles at 165° 
from Pahrump. The peak exposure rate mea- 
sured on this pass was 0.01 mR/h. 

Table 8 lists the results from the mass air 
filter and gas sample. The charcoal bed con- 
tained no identifiable fission products. The cloud 
total in table 8 is not necessarily the product 
of concentration and cloud volume because the 
computations are performed with figures con- 
taining a greater number of significant digits 
and are for reporting purposes. 





Table 8. Results from mass air filter and gas sample 


Phoebus IB, EP-III 


Radioactivity Cloud total 


(Curies) 


Concentration 
(pCi/m?) 


Strontium-91 
Strontium-92 
Molybdenum-99- | 8. 
Barium-139___- scp sch does 160 


ERIE: 13,000 
Xenon-135______- é 23 


Gross beta particulates______- 340 


8 Krypton isotopes were not identified. The activity was extra- 
polated using an average krypton half-life. 


EP-IV test, February 23, 1967 


Ground surveillance 


The EP-IV test resulted in a release of radio- 
active effluent which was detected northeast 
and south of the test range complex. Ground 
monitors detected two to three times back- 
ground levels on a scintillation instrument with 
a background reading of about 0.01 mR/h. 
These measurements were recorded at Queen 
City Summit and at a point 4 miles southeast 
of the summit during cloud passage at 1830- 
1845 hours. Primary effluent trajectory as 
shown by air sampling and vegetation sam- 
pling, was northwest of Queen City Summit. 
However, TLD’s placed at 2-mile intervals from 
Hiko to 8 miles northwest of Queen City Sum- 


mit showed no exposures above normal back- 
ground. 

Three RM-11 recorder stations reported 
gross gamma exposures twice that of instru- 
ment background during cloud passage at 2000 
hours and 2030 hours, respectively, at Diablo 
and Twin Springs. Effluent from reactor pulse- 
cooling reached Lathrop Wells at about 2030 
hours; the maximum reading was less than 
twice the background value of 0.03 mR/h. Low 
level night winds, at about 180° from the pri- 
mary wind direction during daylight hours, 
caused the pulse-cooling effluent to travel south. 

Table 9 lists all the ASN stations where fresh 
fission products were detected or where gross 
beta concentrations were above 1 pCi/m'; table 
10 lists isotopic results from the six stations 
where maximum amounts were detected. Tables 
11, 12, and 13 list the locations and media of 
other detected amounts of radioactivity. 


Aerial surveillance 


Because of the northerly trajectory of the 
effluent from EP-IV, the primary cloud sam- 
pling was performed onsite. Three tracking 
missions were performed, one on run day and 
two the following day. Four large-volume track- 
ing filter samples were collected on the first 
tracking mission. Two to six short-term sam- 


Table 9. ASN stations shuaanbintin waned beta concentrations in excess of 1 cies /m’, Phoebus, 1B EP-IV 








February 


Location 


23rd 24th 





Gross beta 


F eee | 
radioactivity 


Gross beta 
25th radioactivity 





Time on 


Time off 


(pCi/m!) mo 


(pCi/m!?) | /m?) 


(pCi-h/m*) | Time on | Time off 





Beatty, Nev 
Current, Nev- 
Death Valley Jct., 
Diablo, Nev - : 
Twin Springs, Nev 
Lathrop Wells, Nev 
Shoshone, Calif : 





Nyala, Nev 
Boise, Idaho 


Goss Ranch, Nev 
Queen City Summit, Nev. 
Bozeman, Mont 


0723 


a 


a 
ron 


0725 | 0720 


§ 
| 


0645 | 
0845) | 


4 


° 


TOME 2 NH | | 
wen Mer 
& NOCNHAONS 


=| 


| 


Agatti 
ee @ 
S- SS 
- 














Radioiodines on both prefilter and charcoal cartridge. 

Radioiodines found on prefilter only. 

Charcoal cartridge was not in use. 

Sampler was operated for 15.9 hours during this period. 

Not operated—temporary sampler 

Samples removed at 2051, Subreney 23, 1967. 

Note: 

are clock times as noted by the station operator. 
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ntegrated concentrations are calculated using the elapsed time as shown on the timer attached to the air sampler. The times shown in column 2 
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Table 10. 


Location in Nevada 
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Lathrop Wells 


Warm Springs 


0900 


0900 


Warm Springs 


alculated using the elapsed time as shown on the timer attached to the air sampler. The times shown in column 2 are clock times as noted by the station 


a Integrated concentrations are ¢ 


south of Diablo - - 
operator. 


Goss Ranch, 23 miles 


charcoal cartridge. 


filter, C, 
ND, nondetectable. 


P, pre 


b 


Table 11. Vegetation samples containing detectable 
fresh fission products, Phoebus 1B EP-IV 


Location in Nevada Date collected 


20 miles south of Beatty 

25 miles south of Beatty 

Springdale 

5 miles west of Lathrop Wells 

Selbach Ranch (Lathrop Wells) 

5 miles east of Coyote Summit 

10 miles northwest of Queen City Summit 
15 miles northwest of Queen City Summit 
Warm Springs 

20 miles northwest of Queen City Summit 
25 miles northwest of Queen City Summit 
30 miles northwest of Queen City Summit 
35 miles northwest of Queen City Summit 
40 miles northwest of Queen City Summit 
Bradshaw Ranch (Duckwater)* 

Segura Ranch (Eureka)* 

Gardners Ranch (Preston)* 

Cold Creek Ranch (Strawberry)® 


WH OCNNNNNNNHNNNNNNNNNY 


*® Nearest map location. 


Table 12. Water sampling results, Phoebus 
1B EP-IV 





Gross 

beta 

Location Source Date radio- 
collected activity 
(pCi/liter 


Triple T Ranch 
Austin, Nev 
Cummings Ranch 
Baker, Nev : 
Blue Eagle Ranch 
Currant, Nev 
Currant Creek 
Reservoir, Nev 
Diablo, Nev 
Bradshaw Ranch 
Duckwater, Nev 
M. Gardner Dairy 
Lund, Nev 
W. Gardner Dairy 
Lund, Nev ‘ 
McKenzie Dairy 
Lund, Nev 
Scow Dairy 
Lund, Nev._....-- 
Yelland Ranch 
MeG@e, NeT........... Stream 
Yelland Ranch 
McGill, Nev. ...-.-.-- Stream 
Fallini’s Pond 
Twin Springs, Nev_ b Pond 
Fallini’s Pond 
Twin Springs, Nev_-_-_----- Pond 
Pruess Reservoir 
Garrison, Utah .......-.-..- Pond 


ND, nondetectable. 


ples were collected simultaneously with each 
tracking filter sample. Sampling locations and 
times are shown in figure 5. Table 14 gives the 
radionuclide concentrations as determined from 
the tracking samples. 

The second tracking flight started at NRDS 
at 0744 hours on February 24. This flight pro- 
ceeded to the vicinity of Malad City, Idaho, then 
back to Elko, Nev. Four tracking filters were 
collected for 40-minute sampling periods. 
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Table 13. Four highest iodine-131 concentrations in milk samples, Phoebus 1B EP-IV 


Date of 


Location milking 


Martin Ranch, Eureka, Nev 
Ideal Dairy, Richfield, Utah 
Martin Ranch, Eureka, Nev 
Cammack Dairy, Blackfoot, Idaho - - - 








ND, nondetectable. 





Test Celi C 


[/ \ Guard Gate 


Mercury 


Lathrop Wells 
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N 
T Ash Meadows 


LEGEND 





Plan view of EP-III effluent at 8, 500 feet ms! 
normalized to 1410 hours(one hour after detonation) 


mmm Approximate cloud outline 








Figure 4. Aerial surveillance results, Phoebus 1B, EP-III 


Radionuclide concentration 
(pCi /liter) 


Iodine-131 


Iodine-133 


Iodine-137 Strontium-89 


Four 10-minute interval samples were col- 
lected with each 40-minute tracking filter 
and were immediately counted for beta radio- 
activity. Sample volumes and radionuclide con- 
centrations for tracking filters three and four 
are based on the sampling time during which 
positive external gamma activity was detected 
by a 4- by 4-inch NalI(T1) crystal detector. 
Sample volumes for filters one and two are 
based on the total sample time as no indications 
above background were seen during their col- 
lection. Tracking filter results are given in 
table 15. 

A third tracking mission was also flown on 
February 24. This mission covered the area 
from Salt Lake City, Utah, to Dubois, Idaho. 
Two 40-minute tracking filters were collected. 
Four 10-minute interval filters were collected 
with each tracking filter. The results of these 
tracking filters are also shown in table 15 as 
filters five and six. 

Figure 6 shows the paths of the tracking 
flights and location of tracking filter sample 
collections. 

As shown in figure 7, fresh fission products 
were detected in all directions from Test Cell 
“C,” excepting the 110° to 170° sector. Though 


Table 14. Tracking filter results, Phoebus 1B, EP-IV, February 23, 1967 


Filter Time 
number 


Volume 
interval (m*) é 
Strontium-91 


1909-1954 

1959-2020 

2106-2109 57 

2113-2123 1,400 


ND, nondetectable. 


304 


Zircon- 
jium-97 


Radionuclide concentration 
(pCi/m! at mid-time of collection) 


Molyb- 
denum-99 


Tellur- 
ium-132 


Iodine-131 Iodine-133 Iodine-135 
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Reveille Peak 
+ 2107, 


Diablo Mountain 


t 
S Queen City Summit 
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— Background 
Background on filter with positive gamma indication 


—— Positive indication on filter and gammo system 
1909 Time 





Hancock Summit 








Figure 5. Tracking flight no. 1 showing time, Phoebus 1B, EP-IV 
February 23, 1967 


Table 15. Tracking filter results, Phoebus 1B, EP-IV, February 24, 1967 


Radionuclide concentration 


(pCi/m! at mid-time of collection) 
Filter number Time interval 


Zirconium-97 Molybdenum-99 Tellurium-132 Iodine-131 


Iodine-133 


0744-0828 
0831-0913 
0917-0958 
1004-1045 
1630-1710 
1715-1812 


SPielel-l-) 





* Volume based on time during which activity was detected by a 4- by 4-inch crystal. 
ND, nondetectable. 


Table 16. The 10 high air concentrations of gross beta radioactivity resulting from reactor tests conducted during 
period, January 1-June 30, 1967 


Gross beta concentration 
Location in Nevada Date and Date and Duration Volume Collector® |_ 


time on time off (h) —_—- — 


(pCi-h/m*)> 





Jct. Highway 95 and Highway 16 
Lathrop Wells_--- 

Diablo ,000 
Eureka 850 
Blue Jay 1,200 
Warm Springs 


Goss Ranch 
Blue Jay 
Eureka 


Nyala tee i 2/25 
0800 


yvuawe_we eee Ue OY 


} 


* P, prefilter. 
b Sample pCi divided by sample rate. 
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Figure 6. Tracking flights, Phoebus IB, EP-IV, February 24, 1967 


the main portion of the cloud moved north to 
northeast, the above normal gross beta concen- 
tration recorded at Boise, Idaho, suggests a 
cloud movement closer to true north. Fresh fis- 
sion products were also carried to the south- 
southwest by low-level drainage winds on the 
night of February 23, and on the morning of 
February 24 the wind changed directions mov- 
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ing northwest over Beatty and Goldfield. 

Although it is possible that small amounts of 
iodine-131 were residual on pastures from a 
foreign test conducted in December 1966, the 
source of all fresh fission products found in any 
environmental samples collected during this 
period is assumed to be the result of the EP-IV 
operation. 
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Table 17. Ten high gross beta concentrations on air 
samples for early January 1967 from a Chinese 
atmospheric nuclear test 





Date Date Gross 
@ Buhi, idaho Location | and and beta con- 
$ = aed time time centrations 
@ Coeur d'Alene, idaho | on (pCi/m*) 
@ Billings. Montana — 





Clark Station, Nev. 1/01 | 210 
| a Lovelock, Nev 


Warm Springs, Nev 





Garrison Round Mountain, Nev 


md * Lund Richfield @ 


@ Round Mtn Currant Reno, Nev 


Manhattan @ 


@ Bie Jay Currant, Nev 


Warm Springs * seein 
Clark Stag m**s, s 
Tonopah @ $8 Twin Springs 


wea 


Frenchman, Nev_. 


Bryce, Utah 


NEVADA 


Nyala, Nev 


7 aa Lida, Nev 


i UTAH | 0710 
Beaty mx | . ARIZONA ——_—_—— -— - 
ae ‘est Celi C Warm Springs Ranch 
Lathrop Wells *S---_- mead e 
te 
. Summary 
Death Valley Jct 


Results of offsite surveillance activities, in- 
cluding listings of the highest concentrations of 
gross beta activity and iodine-131 are summar- 

LEGEND ized in tables 16 through 19. Gross beta results 

aaa on air filters collected following weapons tests 

Air during this period did not exceed 3 pCi/m‘. 
Though gross beta activity in the air has 
Figure 7. Locations where fresh fission products little value in determining radiation exposures 

were detected to persons, indications of airborne radioactivity 
present in a specific area aid in determining 
where milk, water, and vegetation samples 
should be collected. 














Table 18. Ten high icdine-131 concentrations in air resulting from reactor tests, January-June 30, 1967 


Iodine-131 beta 
Date Date Duration Volume concentrations 
Locations in Nevada and and (h) (m!‘) Collector® | a 
time on time off 
(pCi/m!) (pCi-h/m?)> 


Diablo 


ou 


444 
Lathrop Wells 475 


Diablo 329 


Lathrop Wells 
Eureka - - 
Eureka 

Warm Springs 
Blue Jay 
Warm Springs 


Coyote Summit, Goss Ranch 


ib ome Som aw ob 
avwyrawvraavwta 
om tN me HX we OD © 


« P, prefilter; C, charcoal cartridge. 
> Sample pCi divided by sample rate. 
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Table 19. Thirteen high concentrations of iodine-131 
in milk samples collected from January 1, 1967- 
July 1, 1967 


Location Date Iodine-131 
(1967) (pCi/liter) 


Spanish Fork, Utah—Town Pride Dairy - - - - - ’ 
Spanish Fork, Utah—Town Pride Dairy - - - - 
Eureka, Nev.—Martin Ranch aes aie 
Springdale, Nev.—Peacock Ranch- --- 

Spanish Fork, Utah—Town Pride 

Ogden, Utah—Maple Leaf Dairy 

Nyala, Nev.—Sharp’s Ranch. - - -- 

Richfield, Utah—Ideal Dairy - - -- 

Buhl, Idaho—Smith Dairy - - -- b6 ekadetace 
Mt. Pleasant, Utah—Brooklawn Creamery - - 
Mt. Pleasant, Utah—Brooklawn Creamery 
Smithfield, Utah—Cache Valley Dairy 
Smithfield, Utah—Cache Valley Dairy 


The source of all levels of radioactivity mea- 
sured offsite during this period was predomi- 
nantly the two reactor tests discussed and a 
Chinese atmospheric nuclear detonation on De- 
cember 27, 1966. 


Conclusion 


Results obtained through environmental radi- 
ation surveillance during this period indicate 
that no individual in the offsite area received an 
exposure, resulting from Nevada Test Site or 
NRDS operations, which exceeded the radio- 
logical safety criteria established by the AEC 
(1). 


REFERENCE: 


(1) U.S. ATOMIC ENERGY COMMISSION. U.S. 
Atomic Energy Commission Rules and Regulations, 
Title 10, Code of Federal Regulations, Part 20, 
Standards for Protection Against Radiation. 


Strontium-90 in Human Bone, April-June 1971 ° 


Office of Radiation Programs 
Environmental Protection Agency 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical region, 
the Public Health Service began collecting 
human bone specimens in late 1961. Analyses 
of selected samples of people in older-age 
groups have shown their bone strontium-90 


content to be low and age independent (1). Con- 
sequently, the target population includes chil- 
dren and young adults up to 25 years of age. 


' Period during which death or surgical procedure 
occurred. 








ALASKA 


PANAMA 
CANAL ZONES) 











Figure 1. Geographical regions for human bone sampling 
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Table 1. Strontium-90 in human bone, April-June 1971 


J | Age> Strontium-90 Calcium *Sr/Ca 
Bone region and State Bone type®* (years) concentration ® concentration (pCi/g) 
(pCi/kg bone) (g/kg bone) 


Northeast: 
New York-__. 


_ 
— Dm OO 


AAHAAOCDOODDWDOAARHOnH OS 


CD Or WOM BO CNOA CCIE D9 


Pennsylvania 
New Jersey - - - - 
New York 





New Jersey 
Pennsylvania 
New York__- 


pt pee et END et et et tt ND tt tt BO 
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ddd 
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tt £0 00 G0 mt dm ND 00 GP D0 ATH ND OO MN OND 
ee 


HHHHHHHHHHHEHEHE HEHEHE HE EHH 
SS ROMANS HWW DDNNwNDAwWD 


—_ 


Pennsylvania -- 


_ 


Southeast: 
Maryland 
South Carolina - - 


Georgia 
Maryland 


<< 


South Carolina 
Maryland 


OP CON CIO MOUNwWO-) 


South Carolina - - 
Maryland 


South Carolina - -- 
Maryland 


00 00 69 mm 


South Carolina 
Maryland 
South Carolina 
Maryland 


dddddddddeeddcd<<< 


Virginia 
Maryland__-- 


Tennessee 
Maryland. 


D.C . 
Maryland - - 


3.1 
9.5 
3 
x 
9.5 
3.7 
-4 
.0 
5.7 
5.1 
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a 
2.5 
0.2 
5 
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1 
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aoowrn 
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Maryland 
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att tt et et 
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VWOOAH a 
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Central: 

Ohio 

Wisconsin 
Iowa_ - 

Wisconsin - 

Ohio - - _ . 

Michigan - _ . 

Wisconsin 


- 


—_— 
SONIOlCAAAS 
NNAHKK OCF OO 

ll ol Bel 


nh 
os 
_ 


Minnesota 


<<<<<<<<< 
RIE VINES 
SCOP ADUIASH 
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im ISOM 


See footnotes at end of table. 
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Table 1. Strontium-90 in human bone, April-June 1971—continued 


Age> Strontium-90 


- Calcium 
(years) Sex concentration * 


Bone region and State concentration 


Bone type* 





Central: 
Ohio 
Wisconsin 





didi 


Delta: 
Louisiana 


Northwest: 
Oregon 


Washington 


<< 


ee ee ee i 


Southwest: 
| Ee a eee as ee V 


® Type of bone, V, vertebrae; R, rib; I, ilium; F, femur. 
b Age given as of last birthday prior to death. 
© Two-sigma counting error. 


Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained post mortem. In the lat- 
ter case, the specimens are limited to accident 
victims or persons who have died of an acute 
disease process that was not likely to impair 
bone metabolism. For analytical purposes, a 
sample of at least 100 grams of wet bone is de- 
sired. Generally, this amount is readily avail- 
able from older children, but it presents some 
difficulties from the standpoint of infants and 
children under 5 years of age. Most specimens 
received to date have been vertebrae and ribs. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory, Winchester, 
Mass. Sample collection and preparation are ex- 
plained elsewhere (2). Strontium-90 is mea- 
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sured by tributyl phosphate extraction of its 
yttrium daughter, which is precipitated as an 
oxalate. The strontium-90 content is then cal- 
culated (3) from the yttrium-90 activity. For 
the purpose of maintaining analytical repro- 
ducibility, “blind” duplicate analyses are per- 
formed on 10 to 20 percent of the samples. 

The analytical results for strontium-90 in in- 
dividual bones from persons dying during the 
second quarter (April-June) of 1971 are pre- 
sented in table 1 in order of increasing age 
within each geographical region. These regions 
are indicated in figure 1. Reported values are 
given in picocuries of strontium-90 per kilo- 
gram of bone (as a rough indication of dose) 
and per gram of calcium (for comparison with 
other data and for purposes of model develop- 
ment). Two-sigma counting errors are reported 
for the bone concentration. 
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Following the pattern of earlier reports, sub- 
sequent articles will continue to provide inter- 
pretation of the data at appropriate stages in 
the program (2-6). 


Recent coverage in Radiation Data and Reports: 
Period 


April—June 1970 
July—September 1970 
October—December 1970 
January—March 1971 


Issue 


April 1971 
June 1971 
September 1971 
March 1972 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual re- 
ports on the environmental levels of radioactiv- 
ity in the vicinity of major Commission instal- 
lations. The reports include data from routine 
monitoring programs where operations are of 
such a nature that plant environmental surveys 
are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 


Safety in directives published in the “AEC 
Manual.” * 

A summary of the environmental radioactiv- 
ity data follow for the Argonne National Lab- 
oratory and the Brookhaven National Labora- 
tory. 


1 “1 Title 10, Code to Federal Regulations, 
“Standards for Protection Against Radiation” 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 


Part 20, 
contains 





1. Argonne National Laboratory’ 


January—June 1971 


University of Chicago 
Lemont, Ill. 


The radioactivity of the environment is de- 
termined on a continuing basis by measuring 
the radioactivity in naturally-occurring mate- 
rials collected both on and off the Argonne Na- 
tional Laboratory site. Since radioactivity is 
usually spread by air and water, the environ- 
mental monitoring program at Argonne has 
concentrated on these materials. The sampling 


2 Summarized from “Environmental Radioactivity at 
Argonne National Laboratory, January-June 1971,” 
University of Chicago, Lemont, Ill. 


May 1972 


locations discussed in this report are shown in 
figures 1 and 2. 


Air monitoring 


The radioactivity of particulate matter in air 
was determined by drawing air through filter 
paper at a known rate and measuring the radio- 
activity of the particles collected by the paper. 
The samples were collected continuously at nine 
locations on the Argonne site and at six loca- 
tions off the site. At one location on the site, the 
filter paper was changed daily; at all other loca- 
tions the filter papers were changed at weekly 
intervals. The daily samples record short-term 
changes in radioactivity, and the weekly sam- 
ples are used to compare onsite and offsite 
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Figure 1. Onsite sampling locations at Argonne National Laboratory 


radioactivity. The alpha and beta radioactivity 
in air-filter samples are summarized in table 1; 
the average concentration of gamma-ray emit- 
ters as determined by gamma ray spectrometry 
are summarized in table 2. 

The levels of alpha and beta radioactivities, 
and those gamma-ray emitters that were found 
at all locations, were similar on and off the site, 
indicating that Argonne did not add signifi- 
cantly to the airborne particulate activity of 
the environment during this period and that 
these radioactivities originated in a widespread 
source, such as fallout from nuclear detonations 
or naturally-occurring materials, and not in a 
localized source such as the laboratory. Higher 
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activities on the site are indicative of radioac- 
tivity released by Argonne, if the differences 
are greater than the 10 to 20 percent error in 
sampling and counting. Very small amounts of 
barium-lanthanum-140 and cobalt-60 (up to 
0.0003 percent and 0.02 percent, respectively, 
of the AEC standard for uncontrolled areas) 
were detected in March, April, and May at one 
air sampling location on the laboratory site and 
were the result of Argonne operations. These 
two nuclides were not detected off the site; the 
detection limits are less than 0.0003 percent of 
the AEC standard. Iodine-131 was present at 
very low concentrations in samples collected 
during the first 2 weeks in January both on 
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Table 1. Alpha and beta radioactivity in air-filter samples, * Argonne National Laboratory, January-June 1971 


Alpha radioactivity | Beta radioactivity 
: Number i/m?) (pCi/m!) 
Location of 


samples 


Maximum Minimum Average Maximum Minimum Average 


January _- bes _.| Onsite__ 
Offsite _ _ - 
February __-_- Gai sitet ee as 
Offsite 
March _- ‘ Onsite _ _ _ - 
Offsite _ _ - 
Onsite _ _ _- 
Offsite _ _ - 
Onsite 
Offsite _ _ 
Onsite _ - 
Offsite _ 


0.068 
-070 
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wee tat th aed et og OO te 
Do | AdwWAS COON ww DDD 

C2 fm Co CO mm we RO RON nD 68 Co 
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Summary ..--| Onsite... 
Offsite _ _ - 
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| 
| 
| 
| 


~oO | pmb pms bt ND tet bet 


wo 


0.070 


® These results were obtained by measuring the samples four days after they were collected in order to avoid counting the natural radioactivity due to 
radon and thoron decay products. 


Table 2. Gamma-ray radioactivity in air-filter samples, Argonne National Laboratory, January-June 1971 


Concentration*® 


January- 
R adionuclide Location 


February March April 


Antimony-125___...__....| Onsite . 0.001 0.00% 0. 0. 
Offsite ; E .001 é J ° 
Barium-lanthanum-140- Onsite _ - : ‘ <.001 005 <i €. 
Offsite _ - A <.001 <. <. <. 
Beryllium-7 __-_-__- Onsite _____- ‘ —— m .078 ° 
Offsite _ _ _ : J .076 
Cerium-141__- = Onsite d .002 
Offsite _ _ - é .002 
Cerium-144 Onsite 
Offsite 
Cesium-137 Onsite 
Offsite _ _ - 
Cobalt-60 _ _ - .| Onsite _ - 
Offsite _ _ - 
Iodine-131 7 Onsite - . 
Offsite 
Maganese-54 Onsite 
Offsite - 
Ruthenium-103 _ - - Onsite 
Offsite _ _ - 
Ruthenium-rhodium-106 | Onsite_- 
Offsite 
Zirconium-niobium-95 Onsite _ _ - 
Offsite 


« For averaging purposes, individual sample results that were less than the minimum detectable concentration were assumed to be one half of the minimum 
detectable concentration. 


Table 3. Argon-41 concentrations, near CP-5 Reactor, January-June 1971 


Number Concentration* Percent of AEC 
Number f (nCi/m?) standard 
Month i } 





Maximum Average Maximum Average 





January ____- 
February 





Summary 


*® Minimum detectable concentration—20 nCi/m?. 


May 1972 








LAKE 


MICHIGAN 

















Figure 2. Location of Argonne National Laboratory 
(including some offsite sampling locations) 


and off the site, although only the onsite 
monthly average was greater than the detection 
limit. This iodine was due to fallout from nu- 
clear tests conducted late in 1970. 

The alpha radioactivity concentrations were 
normal and in the range found in previous 
years. As in the past, much of the beta and 
gamma radioactivity was due to fission and 
neutron activation products from nuclear de- 
tonations, although about one-fourth of the 
gamma radioactivity and a smaller fraction of 
the beta radioactivity was due to beryllium-7, 
produced in the stratosphere by cosmic-ray in- 
teractions. The concentrations of total beta ra- 
dioactivity and of all the gamma-ray emitters 
for which positive results were obtained, except 
barium-lanthanum-140 and cobalt-60, increased 
steadily from January to May. This variation 
was probably due to the increased stratospheric 
fallout usually observed in the spring. The very 
low concentrations of short-lived fission prod- 
ucts and the sharp increase in 40-day half-life 
ruthenium-103 and 65-day half-life zirconium- 
95 in the spring and imply that most of the 
fission products were produced late in 1970 and 
were injected into the atmosphere at high alti- 
tudes. The average beta radioactivity for 
January-June 1971 was about 30 percent 
greater than in the corresponding period for 
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1970, primarily because of increased zirconium- 
niobium-95 concentrations. 

The same fission products detected in the air 
filter samples also were present in precipitation 
samples, and the beta and gamma radioactivity 
in these samples also increased during the 
spring months. Large volume rain samples were 
collected monthly and analyzed for iron-55. The 
average monthly concentrations ranged from 
<2.3 to 15 pCi/m? of surface, about 20 times 
less than 1970 values. Iron-55 is a neutron ac- 
tivation product and was produced mainly in 
nuclear tests conducted in September and Octo- 
ber 1961. Therefore, the above concentrations 
have been corrected for decay to October 15, 
1961, for comparison purposes. Iron-55 concen- 
trations have been decreased to the point where 
their measurements can be discontinued, and 
work will be replaced by other more important 
measurements. 

Air also was sampled continuously for radio- 
iodine with activated charcoal in the 200 and 
300 Areas because of the possibility of iodine 
releases in these areas. No iodine radioactivity 
was detected at either location. 

Air sampling for argon-41 (a beta-particle 
emitter with a 1.8 hour half-life that is pro- 
duced in an operating reactor by the action of 
neutrons on the stable argon-40 in air) was 
conducted near the CP-5 reactor (building 330). 
The results are tabulated in table 3. These con- 
centrations are based on 1-minute grab sam- 
ples taken at a position downwind from the 
reactor at a point favorable for argon-41 detec- 
tion after the reactor has been in operation for 
several hours. Therefore, the actual average 
concentrations in the vicinity of the reactor were 
much less than the values in the table. The aver- 
age and maximum concentrations were about 
1.3 and 28 times the AEC standard for uncon- 
trolled areas and 0.026 and 0.6 times the AEC 
standard for controlled areas, respectively. In 
this case, comparison with the latter standard 
is appropriate because the measurements were 
made on the site 

Air was sampled for tritiated (hydrogen-3) 
water vapor, 46 meters (50 yards) east of the 
CP-5 reactor in the 300 Area, and 183 meters 
(200 yards) downwind from the reactor. Each 
sample was collected over a 48-hour period. The 
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300 Area 


Table 4. Tritium concentrations, Argonne National Laboratory, January-June 1971 


East Area Offsite 





Concentration } 
(pCi/m) 


Percent of 

Date ‘ - 

(1971) | | 
Mini- Aver- 


Mini- Aver- 


AEC standard | 


~| samples 


Concentration 


Concentration 
(pCi/m 4) 


Num- (pCi/m!) 


ber of _ <a" 
Mini- Maxi- | Mini- | 





04 | 0. 


results (table 4) were positive in all cases, al- 
though the concentrations were well below the 
AEC standards. The relative concentrations at 
the two locations correlated well with wind di- 
rection. The average concentration of 375 
pCi/m* is about 30 percent higher than the 
same period in 1970. Twice a month, air sam- 
ples were collected in the East Area, 1,830 
meters (2,000 yards) from the reactor. The 
tritium concentration in these samples ranged 
from 0.55 te 22 pCi/m*® and averaged 5.0 
pCi/m*. The East Area samples generally va- 
ried in the same manner as the activity in the 
samples near CP-5 when the prevailing wind 
direction and velocity were considered. In gen- 
eral, East Area samples were greater than 10 
pCi/m* on days when samples at CP-5 were 
greater than 100 pCi/m* and the wind was 
from the southwest. The correlation is suffi- 
ciently good to conclude that most of the tritium 
in the East Area came from CP-5. In addition, 
samples were collected twice a month from con- 
trol points located about 6 miles from the lab- 
oratory site. The tritium concentration in these 
samples ranged from 0.23 to 9.2 pCi/m* and 
averaged 3.4 pCi/m*. No correlation between 
the CP-5 and offsite results could be deter- 
mined. The offsite concentrations are normal 
for this region and time and are the result of 
tritium produced by nuclear detonations and 
cosmic rays. 


Water monitoring 


Argonne wastewater is discharged into Saw- 
mill Creek, a small stream that runs through 
the Argonne grounds and flows into the Des 
Plaines River about 450 meters (500 yards) 


May 1972 


downstream from the wastewater discharge. 
Sawmill Creek was sampled upstream from the 
Argonne site and downstream from the waste- 
water outfall to determine if radioactivity was 
added to the stream in Argonne wastewater. 
The sampling locations are shown in figure 2. 

Below the wastewater outfall, the creek was 
usually sampled five times weekly. Since it was 
impractical to analyze all the samples for all 
the radionuclides and elements desired, equal 
portions of the individual samples collected 
each week were combined and analyzed. The 
results obtained in this way represent the aver- 
age concentrations in the weekly samples. 
Above the site, samples were collected twice 
monthly and usually one sample each month 
was analyzed for each radionuclide of interest. 
The total alpha and beta radioactivities found 
in Sawmill Creek during January-June 1971 
are given in table 5. The similarity between the 
concentrations at the two sampling locations in- 
dicates that very little nonvolatile alpha or beta 
radioactivity could have been added to the 
creek in Argonne wastewater. Although the 
wastewater contained a small quantity of alpha 
and beta radioactivity, the concentrations were 
too low to increase the total activities in the 
stream. The total alpha radioactivity in the 
creek samples is significantly lower than dur- 
ing the same period in 1970 because all 1971 
water samples were filtered to remove sus- 
pended solids. This treatment reduced the alpha 
radioactivity appreciably, particularly in Saw- 
mill Creek (above the site) and Des Plaines 
River samples which contain considerable sus- 
pended soil with its accompanying natural 
uranium and thorium. 





Table 5. Nonvolatile alpha and beta radioactivity in Sawmill Creek water, Argonne 
National Laboratory, January-June 1971 





Month Location* 


Alpha radioactivity 


Beta radioactivity 
(pCi/liter) 


(pCi/liter) 





(1971) 


Maxi- 
mum 


Mini- 
mum 





January Upstream 
Downstream. - - - 
Upstream 
Downstream. --- 
Upstream 
Downstream - - - - 
Upstream - - - --- 
Downstream- --- 
| Upstream 
Downstream - -- -| 


February - - -.--.--- 
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* Relative sampling location with respect to Argonne wastewater outfall (figure 1). 


The alpha-particle emitters most likely to be 
present in Argonne wastewater are isotopes of 
uranium, plutonium, and thorium. The alpha 
radioactivity in the creek water due to these 
elements is summarized in table 6. The concen- 
trations were very low compared to the AEC 
standards. Comparison of these concentrations 
with the total alpha radioactivity indicates that 
most of the alpha radioactivity in the creek was 
due to uranium. The uranium content attributa- 
ble to Argonne below the outfall ranged from 
0.2 to less than 0.1 pCi/liter, depending on the 
relative amounts of natural creek and waste- 
water. The thorium concentrations were normal 
at both locations. Plutonium was found in one 
sample taken below the outfall, and was evi- 
dently added by Argonne wastewater. 

In addition to the natural beta radioactivity 
in the creek, beta radioactivity from nuclear 
detonations was detected at both sampling loca- 
tions and beta radioactivity from Argonne 
wastewater was found in some samples below 


Table 6. 


Number za 


Element Location*® of 


the outfall. The normal beta radioactivity is 
approximately 5 pCi/liter above the site and 
3 to 5 pCi/liter below the site, depending on 
the relative amounts of creek and wastewater. 
The Argonne contribution to the total nonvola- 
tile beta radioactivity below the outfall during 
the first half of 1971 is estimated to be approxi- 
mately 1 pCi/liter, about the same as in 1970. 
The remaining activity at both locations, 12 
pCi/liter, was due to the fallout, which was 
about 40 percent higher than during 1970. 
The results of analysis of Sawmill Creek 
water for specific beta-emitting nuclides are 
summarized in table 7. The principal beta- 
particle emitter added to the creek by Argonne 
wastewater was tritium. The wastewater in- 
creased the tritium content of the creek below 
the outfall by about a factor of 20. This radio- 
nuclide, present as water (HTO), is not in- 
cluded in the total beta activity in table 5 be- 
cause that activity was determined by evapo- 
rating the water and measuring the nonvolatile 


Alpha-emitting elements in Sawmill Creek water, nage National Laboratory, snannindieaen 1971 


Percent of AEC 
standard 


Concentration> 
(pCi/liter) 





samples 


Maximum 





Minimum Average Average 





Uranium Upstream 


Downstream 


0 
2 
0 
od 
0 
0 


« Relative sampling location with respect to Argonne wastewater outfau (figure 





0.66 0.004 
| .96 004 
| 


<.05 <.001 








1). 
’ For averaging purposes, individual sample results that were less than the minimum detectable concentration were assumed to be one half of the minimum 


de: tectable concentration. 
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Table 7. Beta-emitting radionuclides in Sawmill Creek water, Argonne National Laboratory, January-June 1971 


Radionuclide Location* 


Percent of AEC 


standard 


Beta radioactivity> 
(pCi /liter) | 








Barium-lanthanum-140_| Upstream - - - - -- 
Downstream - ---| 

...-| Upstream - - 
Downstream ---- 


Cesium-137 - _ -__- 


Downstream 
Upstream 
Downstream - -- - 
Upstream 
Downstream - _- 
Upstream - - - - 
Downstream - - - 
Upstream 
Downstream - -- 


Strontium-89_-___-____- 


Strontium-90 _ __ 





Technetium-99 


Maximum Average 





-007 
-007 


wat Le 


alow! ltl 


A 


| 





® Relative sampling location with respect to Argonne wastewater outfall (figure 1). 


> For averaging purposes, individual sample results that were less than the minimum detectable concentration were assumed to be one half of the mini- 


mum detectable concentration. 


Table 8. Average radioactivity in Des Plaines and 
Illinois River water, Argonne National Laboratory, 
January-June 1971 


Concentration 
(pCi/liter) 





Location 
Beta 
radio- 
activity 


Uranium Tritium 


activity 





Des Plaines River*.________- 1.9 , 12 506 
(above Sawmill Creek) | 

Des Plaines River> 2.0 ¥ 13 542 
(below Sawmill Creek) 


* Sampled near Route 45, upstream from the mouth of Sawmill Creek. 
> Sampled near Lemont, downstream from the mouth of Sawmill Creek. 


Table 9. 


residue. Separate samples were analyzed specifi- 
cally for tritium. Although small amounts are 
produced by cosmic-ray interactions with the 
atmosphere, the bulk of the tritium in above- 
site water originated in nuclear detonations. 
Traces of cesium-137, strontium-90, and tech- 
netium-99 were also added by wastewater on 
some days, although these nuclides were also 
present in fallout. The total concentration, how- 
ever, regardless of source, must be used in 
assessing the health hazard of a radionuclide 
not naturally present in the environment. The 


Radioactivity in Des Plaines River water, Argonne National Laboratory, 


January-June 1971 





| 

| 

| 
Radionuclide Location* 
| 


Number 


Concentration> 
(pCi liter) 





Maximum Minimum Average 





Barium-lanthanum-140 Upstream 
Downstream 
Upstream 
Downstream 
Upstream - - - -- 
Downstream 


Cesium-137 

Tritium 

Plutonium (alpha) 

Strontium-89 | Upstream 
Downstream - - - 

| Upstream 
Downstream 

| Upstream------ --- 
Downstream 
Upstream 
Downstream 


Thorium (alpha) 


Uranium (alpha) 


= 
entocrcons | encoentocnes cons! ence 


SSiiit 
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eel li lenl 11188 
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wel LE bse 1 


rmeAAA | ror 














* Relative sampling location with respect to Argonne wastewater outfall (figure 1). ; 
> For averaging purposes, individual sample results that were less than the minimum detectable concentration 
were assumed to be one half of the minimum detectable concentration. 
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percent of the AEC standard given in the table 
was calculated on this basis. As indicated in 
the table, the beta radioactivity in the creek 
was very low compared to the AEC standards. 

Since Sawmill Creek empties into the Des 
Plaines River, the radioactivity in the latter 
stream is important in assessing the contribu- 
tion of Argonne wastewater to the environ- 
mental radioactivity. The Des Plaines River 
was sampled monthly above the mouth of Saw- 
mill Creek and twice a month below the mouth 
to determine if the radioactivity in the creek 
has any effect on the radioactivity in the river. 
The total radioactivity is summarized in table 
8, and the results of analysis for specific ele- 
ments and radionuclides are given in table 9. 
Tritium was the only nuclide whose concentra- 
tion was higher below the mouth of Sawmill 
Creek, and the additional activity at this loca- 
tion evidently originated in Argonne waste- 
water. However, the average and maximum 
concentrations below the creek amounted to 
only 0.02 and 0.05 percent, respectively, of the 
AEC standards. The concentration of tritium 
in the river above the creek is similar to that 
found last year in the Des Plaines River and 
to that found in other streams in the area. 
Below the mouth of the creek, the concentra- 
tion decreased slightly from the 1970 average. 

The concentrations of the other radionuclides 
and the total alpha and beta radioactivities 
were in their normal ranges at both locations. 
Thus, except for tritium, no evidence of radio- 
activity from Argonne was found in the river. 
The annual average beta radioactivity was 
about the same as in 1970. The natural nonvola- 
tile beta radioactivity in the river is 5 pCi/liter, 
and the excess (about 7 pCi/liter) was due to 
fallout. 


Radioactivity in milk 

Raw milk was collected monthly from a local 
dairy farm and analyzed for several fission 
products. Strontium-89, iodine-131, and barium- 
140 were not present in concentrations greater 
than the minimum detectable amounts of 20 
pCi/liter for iodine-131 and 3 pCi/liter for the 
other two radionuclides. The strontium-90 and 
cesium-137 concentrations are given in table 10. 
These two radionuclides are long-lived fission 
products from past nuclear tests and their pres- 
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ence in milk is not related to Argonne opera- 
tions. The strontium-90 and cesium-137 concen- 
trations during the first half of 1971 were 
nearly unchanged from the corresponding pe- 
riod of 1970. 


Table 10. Fission product concentration in milk, 
January-June 1971 


Concentrations 
(pCi /liter) 


Cesium-137 


Date collected 
(1971) 
Strontium-90 





January 6 
February 3 





Conclusion 


Argonne’s contribution to the environmental 
radioactivity was primarily limited to tritium, 
argon-41, cobalt-60, and barium-140 in the air 
on the site and to tritium in water from Saw- 
mill Creek and the Des Plaines River. The only 
radioactivity detected off the site was the tri- 
tium in the two streams. The concentrations 
were low and did not constitute a health haz- 
ard. Fallout from nuclear detonations continued 
to be the principal source of nonnatural radio- 
activity in the environment. Fallout radioactiv- 
ity was about 40 percent greater than the cor- 
responding period in 1970. 


Recent coverage in Radiation Data and Reports: 


Period 
July—December 1970 


Issue 
January 1972 





2. Brookliaven National Laboratory * 
July—December 1967 


Associated Universities, Inc. 
Upton, New York 


The Brookhaven National Laboratory (BNL) 
operations may affect the environmental levels 
of radiation in three ways: (1) by radioactivity 
in the cooling air from the research reactors, 


3 Summarized from “Effects of Brookhaven National 
Laboratory on Environmental Levels of Radioactivity 
during the Second Half of 1967,” Associated Universi- 
ties, Inc., Upton, N.Y. 
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(2) by radiation from an ecology forest gamma- 
ray source, and (3) by low-level radioactive 
liquid wastes released to a stream that forms 
one of the headwaters of the Peconic River 
(figure 3). The radiation levels resulting from 
reactor air effluent and the ecology forest 
source are monitored continuously by four sta- 
tions located at the site boundary. The liquid 
waste effluent from the Laboratory sewage 
processing plant is monitored continuously at 
the point where the stream leaves the site. 


Area monitoring 


The average weekly radiation levels at the 
Brookhaven National Laboratory site perimeter 
(figure 4), due to laboratory operations, are 
given in table 11. Radiation levels at the north- 
east perimeter are somewhat greater than at 
other monitoring stations due to a cesium-137 
source located in the nearby forest. However, 
the radiation levels at this location are within 
the established AEC radiation protection stand- 
ard which is 500 mrem/a for individuals in the 
general population. Values of radiation back- 
ground levels undisturbed by laboratory opera- 
tions also have been included in table 11 for 
purposes of comparison. 
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Figure 3. Brookhaven National Laboratory and 
surrounding area 


May 1972 


Table 11. External gamma radioactivity at BNL site 
perimeter due to laboratory operations,* 
July-December 1967 


Average exposure rates 


(mR/week) 





North- | South | South- | North- 
west west east east 
perim- | perim- | perim- perim- 

eter | eter 





September 
October 





Maximum weekly reading 
(July-December) 
Average undisturbed background 
bias 1. 
1967 summary 
January-June____..._...._-- ‘ lf . 0.28 
July-December . j -18 
January-December.---__--_-_- : . | . .23 
Maximum weekly reading--_- 4 ‘ | 1.06 
Average undisturbed background 
(January-December) 4 





® Due principally to argon-41 in reactor cooling air and at the northeast 
perimeter, to the ecology forest cesium-137 source. 
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Figure 4. Brookhaven National Laboratory monitoring 
station locations 


Water monitoring 


The liquid waste effluent from the laboratory 
sewage processing plant is monitored continu- 
ously at the point where the stream leaves the 
BNL site. The average concentration and total 
amounts of gross beta radioactivity in the liquid 
waste effluent, at the site boundary, are shown 
in table 12 for July-December 1967. 

Analysis of composite samples of the effluent 
has shown that, on the average, no more than 


319 








Table 12. Gross beta radioactivity in liquid waste 
effluent at BNL site boundary, July-December 1967 


Average Total beta 


beta radioac- Tritium Tritium 
radioac- tivity concen- radioac- 
tivity concen- tration tivity 
concen- tration (nCi (Ci) 
tration discharged liter) 
(pCi/liter) (mCi) 
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Dmn~a| OAD com 





January-June 
July-December 
January-December - - 


coop | MMH eMC 
oe 
Sac] 














20 percent of the radioactivity consists of 
strontium-90 and that no appreciable amounts 
of radioactive iodine or bone-seeking radionu- 
clides, such as radium, are present. Under these 


conditions, the applicable AEC radiation pro- 
tection standard for discharge of liquid waste 
to uncontrolled areas would be 1 nCi/liter. 

The gross beta measurements do not include 
very low energy beta emitters, such as tritium, 
for which special analysis methods must be em- 
ployed. The concentration and amount of tri- 
tium found during this reporting period in the 
laboratory’s liquid waste effluent are also 
shown in table 12. The applicable AEC stand- 
ard is 3 »Ci/liter, averaged over a period of 1 
year. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 
January—June 1967 


Issue 
December 1967 
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Reported Nuclear Detonations, April 1972 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U.S. Atomic Energy Commission an- 
nounced on April 3, 1972, that fallout from the 
March 18 Chinese nuclear test temporarily re- 
sulted in a slight increase in radiation above 
normal levels over most of the United States. 

Although the levels of radioactivity detected 
were higher than normal environmental levels, 
radiation doses to the general population from 
the highest levels found was estimated to be a 
small fraction of the annual amount received 
from natural background radiation. 


The fallout apparently reached a peak con- 
centration during the last 10 days of March and 
at most locations it had already decayed to 
levels which could not be detected by the 
sampling network. 

The U.S. Atomic Energy Commission an- 
nounced only one nuclear detonation for April 
1972. An underground nuclear test with a yield 
of less than 20 kilotons was conducted Wednes- 
day, April 19, 1972 at the Nevada Test Site by 
the U.S. Atomic Energy Commission. 








Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be cb- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


CONCENTRATION FACTORS IN THE AQUATIC ENVIRONMENT 
S. M. Jinks and M. Eisenbud. Radiation Data and Reports, Vol. 13, May 
1972, pp. 243-247. 


Concentration factors for various freshwater and marine organisms as 
gathered from the literature are presented. Attention is called to the 
existence of considerable variability in the reported values, and the 
reasons for this variability are briefly discussed. In addition to the 
difference in concentration factors for the marine and freshwater en- 
vironments and because of differences in concentrations of stable elements 
in the two systems other sources of variability include errors in sampling 
and analysis, physiological factors, and ecological disequilibria. 


KEYWORDS: Concentration factors, crustacea, fish, fresh water, marine 
organisms, molluscs, plants, radionuclides, sea water. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiation Data and Reports is stated 
on the title page. It is suggested that authors read it 
for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ation Data and Reports, EPA, Office of Radiation 
Programs, Parklawn 18 B-40, Washington, D.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiation Data and Reports. In addition, Radiation 
Data and Reports has developed a “Guide” regarding 
manuscript preparation which is available upon re- 


pee However, for most instances, past issues of 


adiation Data and Reports would serve as a suitable 
guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 
gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 





Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible afte: 
reduction to printed page size (844 by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the supper left of elements 
in long series of formulas, e.g., *“Cs; however, elements 
are spelled out in text and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; e.g., strontium-90. 


References: References should be typed on a sepa- 
rate sheet of paper. 





Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps. 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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